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When the ground state of a localized ion is a non-Kramers doublet, such localized ions may carry
multipolar moments. For example, Pr3+ ions in a cubic environment would possess quadrupolar
and octupolar, but no magnetic dipole, moments. When such multipolar moments are placed in a
metallic host, unusual interactions between these local moments and conduction electrons arise, in
contrast to the familiar magnetic dipole interactions in the classic Kondo problem. In this work,
we consider the interaction between a single quadrupolar-octupolar local moment and conduction
electrons with p-orbital symmetry as a concrete model for the multipolar Kondo problem. We show
that this model can be written most naturally in the spin-orbital entangled basis of conduction
electrons. Using this basis, the perturbative renormalization group (RG) fixed points are readily
identified. There are two kinds of fixed points, one for the two-channel Kondo and the other for
a novel fixed point. We investigate the nature of the novel fixed point non-perturbatively using
non-abelian bosonization, current algebra and conformal field theory approaches. It is shown that
the novel fixed point leads to a, previously unidentified, non-Fermi liquid state with entangled spin
and orbital degrees of freedom, which shows resistivity ρ ∼ T∆ and diverging specific heat coefficient
C/T ∼ T−1+2∆ with ∆ = 1/5. Our results open up the possibility of myriads of non-Fermi liquid
states, depending on the choices of multipolar moments and conduction electron orbitals, which
would be relevant for many rare-earth metallic systems.
I. INTRODUCTION
Quantum theory of metals is often discussed in the
framework of Fermi liquid, where well-defined fermionic
quasiparticles dominate thermodynamic and transport
properties. The discovery of metallic systems that
demonstrated anomalous behaviors [1, 2], such as diverg-
ing specific heat coefficient and sub-quadratic tempera-
ture dependence of resistivity, prompted many-decades
of research activities on non-Fermi liquid states. The
number of concrete theoretical examples that are well
understood is, however, not so large. The classic Kondo
problem [3–5], where the local magnetic dipole moment of
a single localized ion interacts with conduction electrons’
spin, is one prominent example where the dichotomy be-
tween Fermi liquid and non-Fermi liquid behaviours can
be seen [6, 7]. We call this dipolar Kondo problem to
clearly distinguish it from the model that we study in this
work. If we consider m-channels of conduction electrons
interacting with the local spin-1/2 moment, m = 1 sys-
tem is a Fermi liquid, where the local moment is screened
and becomes a part of Fermi sea [8–12], while m > 1
systems lead to non-Fermi liquid states with anomalous
properties [13–24]. This is an example where a single im-
purity can fundamentally change the nature of the many-
body ground state.
In this work, we demonstrate the existence of a novel
non-Fermi liquid state in the multipolar Kondo prob-
lem, where the local moment is characterized by a non-
Kramers crystal-field doublet that carries multipolar mo-
ments such as quadrupolar or octupolar moments. While
such multipolar moments are abundant in quantum ma-
terials with f -electron moments [25–29], the correspond-
ing Kondo problem [30–32] has not been fully under-
stood. Taking the example of Pr3+ ions in cubic envi-
ronment, these ions support only quadrupolar and oc-
tupolar moments, and do not carry any magnetic dipole
moment. If we introduce pseudo-spin-1/2 operators,
S = (Sx, Sy, Sz) for the doublet, Sx and Sy (Sz) rep-
resent(s) quadrupolar (octupolar) moment. While they
satisfy the canonical SU(2) algebra, the physical contents
of these operators are very different from the spin-1/2
moment. In particular, these multipolar moments do not
couple solely to conduction electron spins, but rather to
conduction electron bilinears that transform in the same
way that the quadrupolar or octupolar moments trans-
form. In order to consider a concrete model, we take
p-orbital bands of conduction electrons, which belongs
to the T2 irreducible representation of Td point group in
cubic systems.
We show that this model can be written most nat-
urally if the spin-orbital entangled basis, or the total
angular momentum basis, is used for conduction elec-
trons. This is interesting because the conduction elec-
trons themselves do not have any spin-orbit coupling in
this model. It is the coupling to the multipolar moments
which forces the conduction electrons to have strong spin-
orbital entanglement. In this basis, it is shown that the
perturbative RG fixed points can be easily identified. As
shown earlier in the non-entangled basis [33], there exist
two kinds of fixed points: one with behaviour of the two
channel Kondo fixed point, and the other being a novel
fixed point. In the perturbative RG analysis [33–35], the
scaling dimension of the leading irrelevant operator at the
novel fixed point is 1 + ∆ with ∆ = 1/4 [33], which leads
to the resistivity ρ ∼ T 1/4 and specific heat C ∼ T 1/2 be-
haviours. However, the nature of this novel fixed point
was not clearly understood. In addition, the stability of
this fixed point beyond the perturbative analysis was not
addressed. Since the novel fixed point may represent a
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2previously unidentified non-Fermi liquid state, it is im-
portant to develop a deeper understanding of the nature
of this fixed point.
Focusing on the novel fixed point, we first analyze the
strong coupling limit of the RG flow, where the coupling
constants are taken to be much larger than O(1), and
show that this strong coupling limit is unstable. This
strongly suggests that the intermediate coupling fixed
point found in the perturbative RG analysis is stable.
In order to obtain non-perturbative results, we employ
non-abelian bosonization, current algebra, and conformal
field theory approaches to examine the critical theory of
the novel fixed point. Using the conformal embedding
[17, 36], the free theory of conduction electrons can be
written as a U(1) × SU(3)2 × SU(2)3 Kac-Moody in-
variant conformal field theory. The multipolar local mo-
ment or the pseudo-spin-1/2 only couples to a sub-sector
(three of eight generators) of SU(3)2. These three gen-
erators form a closed algebra. We highlight that this is
not the 2-channel SU(3) Kondo model as only three gen-
erators are coupled to the multipolar local moment. It
is more useful to consider the coset construction SU(3)2
= [3-state Potts model] × S˜U(2)8, where the multipolar
local moment then couples to the S˜U(2)8 sector. Here
S˜U(2)8 refers to SU(2)8 with a convenient normalization
of its generators. Considering the boundary conformal
field theory [37, 38], we find that the leading irrelevant
operator at the novel fixed point is present in the S˜U(2)8
sector. If we consider a generalized model, U(1)× SU(3)k
× SU(k)3, this would correspond to an operator belong-
ing to SU(2)4k. The scaling dimension of this operator is
1 + ∆ with ∆ = 2/(4k+2). The perturbative fixed point
corresponds to the large k limit, and hence ∆ = 1/(2k).
With k = 2 (as in our case), this reproduces 1/4 in the
perturbative RG analysis. The corresponding exact scal-
ing dimension is ∆ = 1/5 for k = 2. This leads to singular
behaviour for experimentally relevant quantities, such as
the specific heat coefficient C/T ∼ T−1+2∆ = T−3/5 and
the resistivity ρ ∼ T∆ = T 1/5. This represents a rare-
example of solvable non-Fermi liquid fixed points. In the
broader context, our work provides a concrete example
of the possibility of a wide variety of Kondo effects, as
well as a myriad of non-Fermi liquids, that may arise in
rare-earth metallic compounds.
II. MICROSCOPIC MODEL
The combination of spin-orbit (SO) coupling and crys-
talline electric fields (CEFs) in rare-earth compounds al-
lows for the development of exotic higher-rank multipolar
moments. Taking a localized Pr3+ ion in a cubic envi-
ronment as a concrete example, the SO-coupled J = 4
multiplet of f2 electrons is split by the CEF to give rise
to a low-lying non-Kramers Γ3g doublet [39]. This Γ3g
doublet can support time-reversal even quadrupolar mo-
mentsO20 = 12 (3J2z−J2), O22 =
√
3
2 (J
2
x−J2y ), as well as a
time-reversal odd octupolar moment Txyz =
√
15
6 JxJyJz,
where the overline represents a fully symmetrized prod-
uct. These multipolar moments can be efficiently de-
scribed by the pseudospin-1/2 operator S = (Sx, Sy, Sz),
Sx = −1
4
O22, Sy = −1
4
O20, Sz = 1
3
√
5
Txyz. (1)
Embedding such multipolar moments in a metallic sys-
tem, the localized electronic configuration can fluctuate
from its f2 ground state configuration (Γ3g) to excited
f1 states (Γ7) via hybridization with the sea of conduc-
tion electrons. Group theoretically, this hybridization
process occurs only if the conduction electrons possess
the appropriate symmetry i.e. Γc = Γ3g ⊗ Γ7 = Γ8,
where Γc denotes the irrep of the conduction electron
states [31]. As described in a recent work [33], one way
to form this Γ8 irrep is from the combination of cubic p-
like orbitals equipped with spinor-1/2 degree of freedom,
Γc = p⊗ 12 = Γ8 ⊕ Γ6.
The natural, physical setting for such a construc-
tion is in the family of cubic rare-earth compounds,
Pr(Ti,V)2Al20 (PrIr2Zn20), where the Pr
3+ ions are sub-
jected to a local Td symmetry by a surrounding cage of
Al (Zn) atoms [40–46]. Focussing on the choice of con-
duction p electron orbitals, the Td symmetry-permitting
couplings of the conduction electrons to a local moment
(located at impurity site x = 0) are,
H1 = K1
[
Sx
(
c†x,αcx,β − c†y,αcy,β
)
(2)
+
Sy√
3
(
2c†z,αcz,β − c†x,αcx,β − c†y,αcy,β
)]
δαβ
H2 =−
√
3K2
[
Sx
(
iσxαβc
†
y,αcz,β − iσyαβc†z,αcx,β
)
(3)
+
Sy√
3
(
2iσzαβc
†
x,αcy,β − iσxαβc†y,αcz,β − iσyαβc†z,αcx,β
)
+ h.c.
]
H3 = K3S
z
[
σxαβ
(
c†y,αcz,β + h.c.
)
+ cyclic.
]
(4)
where cP,α denotes the conduction electron annihilation
operator at site-0, orbital P and spin α, and an implicit
summation over conduction spin-indices α, β = {↑, ↓}.
We note that this construction is based on symmetries,
and hence is broadly applicable to cubic (Td) systems.
We note that in terms of cubic harmonics these terms
can be easily be seen as satisfying the Td symmetry. In
particular, we note that since Sx has a x2 − y2 symme-
try, it respectively couples to x2 − y2 charge densities in
Eq. 2 and currents in Eq. 3. We stress that in the Td
point group x and yz transform identically, and corre-
spondingly for the cyclic permutations. Thus, Eq. 2 and
3 have the same symmetry structure.
As studied in Ref. 33, performing third order perturba-
tive renormalization group calculations leads to two non-
trivial fixed points (each of these come as a pair, which
are related by a canonical transformation of the pseu-
dospin) (i) Fixed point I: K1 = −
√
3K2 = K3 =
1
2
√
3
,
3Sy
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Sz
<latexit sha1_base64="xXRFsk/CzhpxBDX8lzm6gEWwAnQ =">AAACv3icdVHLbtswEKTVV+q+kvaYC1GhQE+GZBRIj2maQ48uEicGLDWgqJVCmCIFchXAEfwJvbZ/0H/K32Rl65DEzQIEBr Ozs8vdrNbKYxTdDIInT589f7Hzcvjq9Zu373b33p952zgJU2m1dbNMeNDKwBQVapjVDkSVaTjPFt+7/PkVOK+sOcVlDWklSqM KJQUSdXLy6/piN4xG0Tr4Noh7ELI+Jhd7g39JbmVTgUGphffzOKoxbYVDJTWshknjoRZyIUqYEzSiAp+261lX/BMxOS+so2eQ r9m7Fa2ovF9WGSkrgZf+Ya4j/5ebN1h8TVtl6gbByE2jotEcLe8+znPlQKJeEhDSKZqVy0vhhERaz70unbfzhV9tsWit7uhjo I87mAjyzI9p+ZUilyRzok20MCVtoU0c7R0fFy8ASbzWkHZT9Jh41llTwXyc3m3QgzDmSd5JvbqGpHPk4Xg1HNJl44d33AZn41 EcjeKfX8LDo/7GO2yffWSfWcwO2CH7wSZsyiQr2W/2h/0NvgVlYIJ6Iw0Gfc0Hdi+C5S1Xqt+4</latexit><latexit sha1_base64="xXRFsk/CzhpxBDX8lzm6gEWwAnQ =">AAACv3icdVHLbtswEKTVV+q+kvaYC1GhQE+GZBRIj2maQ48uEicGLDWgqJVCmCIFchXAEfwJvbZ/0H/K32Rl65DEzQIEBr Ozs8vdrNbKYxTdDIInT589f7Hzcvjq9Zu373b33p952zgJU2m1dbNMeNDKwBQVapjVDkSVaTjPFt+7/PkVOK+sOcVlDWklSqM KJQUSdXLy6/piN4xG0Tr4Noh7ELI+Jhd7g39JbmVTgUGphffzOKoxbYVDJTWshknjoRZyIUqYEzSiAp+261lX/BMxOS+so2eQ r9m7Fa2ovF9WGSkrgZf+Ya4j/5ebN1h8TVtl6gbByE2jotEcLe8+znPlQKJeEhDSKZqVy0vhhERaz70unbfzhV9tsWit7uhjo I87mAjyzI9p+ZUilyRzok20MCVtoU0c7R0fFy8ASbzWkHZT9Jh41llTwXyc3m3QgzDmSd5JvbqGpHPk4Xg1HNJl44d33AZn41 EcjeKfX8LDo/7GO2yffWSfWcwO2CH7wSZsyiQr2W/2h/0NvgVlYIJ6Iw0Gfc0Hdi+C5S1Xqt+4</latexit><latexit sha1_base64="xXRFsk/CzhpxBDX8lzm6gEWwAnQ =">AAACv3icdVHLbtswEKTVV+q+kvaYC1GhQE+GZBRIj2maQ48uEicGLDWgqJVCmCIFchXAEfwJvbZ/0H/K32Rl65DEzQIEBr Ozs8vdrNbKYxTdDIInT589f7Hzcvjq9Zu373b33p952zgJU2m1dbNMeNDKwBQVapjVDkSVaTjPFt+7/PkVOK+sOcVlDWklSqM KJQUSdXLy6/piN4xG0Tr4Noh7ELI+Jhd7g39JbmVTgUGphffzOKoxbYVDJTWshknjoRZyIUqYEzSiAp+261lX/BMxOS+so2eQ r9m7Fa2ovF9WGSkrgZf+Ya4j/5ebN1h8TVtl6gbByE2jotEcLe8+znPlQKJeEhDSKZqVy0vhhERaz70unbfzhV9tsWit7uhjo I87mAjyzI9p+ZUilyRzok20MCVtoU0c7R0fFy8ASbzWkHZT9Jh41llTwXyc3m3QgzDmSd5JvbqGpHPk4Xg1HNJl44d33AZn41 EcjeKfX8LDo/7GO2yffWSfWcwO2CH7wSZsyiQr2W/2h/0NvgVlYIJ6Iw0Gfc0Hdi+C5S1Xqt+4</latexit><latexit sha1_base64="xXRFsk/CzhpxBDX8lzm6gEWwAnQ =">AAACv3icdVHLbtswEKTVV+q+kvaYC1GhQE+GZBRIj2maQ48uEicGLDWgqJVCmCIFchXAEfwJvbZ/0H/K32Rl65DEzQIEBr Ozs8vdrNbKYxTdDIInT589f7Hzcvjq9Zu373b33p952zgJU2m1dbNMeNDKwBQVapjVDkSVaTjPFt+7/PkVOK+sOcVlDWklSqM KJQUSdXLy6/piN4xG0Tr4Noh7ELI+Jhd7g39JbmVTgUGphffzOKoxbYVDJTWshknjoRZyIUqYEzSiAp+261lX/BMxOS+so2eQ r9m7Fa2ovF9WGSkrgZf+Ya4j/5ebN1h8TVtl6gbByE2jotEcLe8+znPlQKJeEhDSKZqVy0vhhERaz70unbfzhV9tsWit7uhjo I87mAjyzI9p+ZUilyRzok20MCVtoU0c7R0fFy8ASbzWkHZT9Jh41llTwXyc3m3QgzDmSd5JvbqGpHPk4Xg1HNJl44d33AZn41 EcjeKfX8LDo/7GO2yffWSfWcwO2CH7wSZsyiQr2W/2h/0NvgVlYIJ6Iw0Gfc0Hdi+C5S1Xqt+4</latexit>
    32 , 32
 
<latexit sha1_base64="18UnOJYF7DTr7+H5QHGac4xPYtI=">AAAC3HicdVFNb9 NAEN2Yj5bwlZYjElphISGEIjtUgmNVeuAYJNJGik20Xo/TVda71u4aKax86w1x5Sdw4Ap/hn/DOPEhbehIlp7evHnjnZdVUlgXRX97wa3bd+7u7d/r33/w8NHjwcHhmdW14 TDhWmozzZgFKRRMnHASppUBVmYSzrPl+7Z//gWMFVp9cqsK0pItlCgEZw6p+eBZsgT3yieFYdy/afyoeb2Fm/kgjIbRuuguiDsQkq7G84PezyTXvC5BOS6ZtbM4qlzqmXGC S2j6SW2hYnzJFjBDqFgJNvXrhzT0BTI5LbTBTzm6ZrcnPCutXZUZKkvmLuz1Xkv+rzerXfEu9UJVtQPFN4uKWlKnaXsVmgsD3MkVAsaNwH+l/ILhHRze7sqW1tvYwjY7rNN atvQp4MMNjBl65qeYTCnQJckM84lkaoFX8InBUNzNYgwFxWsNajdDN4mnrTUOzEbp9oIOhDFN8lZqxVdIWkcajpp+H5ONr+e4C85Gwzgaxh+PwuOTLuN98pQ8Jy9JTN6SY/K BjMmEcHJJfpHf5E/wObgMvgXfN9Kg1808IVcq+PEP4zXrVA==</latexit><latexit sha1_base64="18UnOJYF7DTr7+H5QHGac4xPYtI=">AAAC3HicdVFNb9 NAEN2Yj5bwlZYjElphISGEIjtUgmNVeuAYJNJGik20Xo/TVda71u4aKax86w1x5Sdw4Ap/hn/DOPEhbehIlp7evHnjnZdVUlgXRX97wa3bd+7u7d/r33/w8NHjwcHhmdW14 TDhWmozzZgFKRRMnHASppUBVmYSzrPl+7Z//gWMFVp9cqsK0pItlCgEZw6p+eBZsgT3yieFYdy/afyoeb2Fm/kgjIbRuuguiDsQkq7G84PezyTXvC5BOS6ZtbM4qlzqmXGC S2j6SW2hYnzJFjBDqFgJNvXrhzT0BTI5LbTBTzm6ZrcnPCutXZUZKkvmLuz1Xkv+rzerXfEu9UJVtQPFN4uKWlKnaXsVmgsD3MkVAsaNwH+l/ILhHRze7sqW1tvYwjY7rNN atvQp4MMNjBl65qeYTCnQJckM84lkaoFX8InBUNzNYgwFxWsNajdDN4mnrTUOzEbp9oIOhDFN8lZqxVdIWkcajpp+H5ONr+e4C85Gwzgaxh+PwuOTLuN98pQ8Jy9JTN6SY/K BjMmEcHJJfpHf5E/wObgMvgXfN9Kg1808IVcq+PEP4zXrVA==</latexit><latexit sha1_base64="18UnOJYF7DTr7+H5QHGac4xPYtI=">AAAC3HicdVFNb9 NAEN2Yj5bwlZYjElphISGEIjtUgmNVeuAYJNJGik20Xo/TVda71u4aKax86w1x5Sdw4Ap/hn/DOPEhbehIlp7evHnjnZdVUlgXRX97wa3bd+7u7d/r33/w8NHjwcHhmdW14 TDhWmozzZgFKRRMnHASppUBVmYSzrPl+7Z//gWMFVp9cqsK0pItlCgEZw6p+eBZsgT3yieFYdy/afyoeb2Fm/kgjIbRuuguiDsQkq7G84PezyTXvC5BOS6ZtbM4qlzqmXGC S2j6SW2hYnzJFjBDqFgJNvXrhzT0BTI5LbTBTzm6ZrcnPCutXZUZKkvmLuz1Xkv+rzerXfEu9UJVtQPFN4uKWlKnaXsVmgsD3MkVAsaNwH+l/ILhHRze7sqW1tvYwjY7rNN atvQp4MMNjBl65qeYTCnQJckM84lkaoFX8InBUNzNYgwFxWsNajdDN4mnrTUOzEbp9oIOhDFN8lZqxVdIWkcajpp+H5ONr+e4C85Gwzgaxh+PwuOTLuN98pQ8Jy9JTN6SY/K BjMmEcHJJfpHf5E/wObgMvgXfN9Kg1808IVcq+PEP4zXrVA==</latexit><latexit sha1_base64="18UnOJYF7DTr7+H5QHGac4xPYtI=">AAAC3HicdVFNb9 NAEN2Yj5bwlZYjElphISGEIjtUgmNVeuAYJNJGik20Xo/TVda71u4aKax86w1x5Sdw4Ap/hn/DOPEhbehIlp7evHnjnZdVUlgXRX97wa3bd+7u7d/r33/w8NHjwcHhmdW14 TDhWmozzZgFKRRMnHASppUBVmYSzrPl+7Z//gWMFVp9cqsK0pItlCgEZw6p+eBZsgT3yieFYdy/afyoeb2Fm/kgjIbRuuguiDsQkq7G84PezyTXvC5BOS6ZtbM4qlzqmXGC S2j6SW2hYnzJFjBDqFgJNvXrhzT0BTI5LbTBTzm6ZrcnPCutXZUZKkvmLuz1Xkv+rzerXfEu9UJVtQPFN4uKWlKnaXsVmgsD3MkVAsaNwH+l/ILhHRze7sqW1tvYwjY7rNN atvQp4MMNjBl65qeYTCnQJckM84lkaoFX8InBUNzNYgwFxWsNajdDN4mnrTUOzEbp9oIOhDFN8lZqxVdIWkcajpp+H5ONr+e4C85Gwzgaxh+PwuOTLuN98pQ8Jy9JTN6SY/K BjMmEcHJJfpHf5E/wObgMvgXfN9Kg1808IVcq+PEP4zXrVA==</latexit>
    32 , 12
 
<latexit sha1_base64="ZQ+VrmzgcOfQGM55DzcOer+nDyo=">AAAC3HicdVFNa9 tAEF2rH0ndL6c5FspSUSilGMkNpMfQ5tCjC3Vi8KpmtRo5i1crsbsKuItuuZVe+xN6yLX9M/03Hdk6JHEzIHi8efNGOy+tlLQuiv72gjt3793f2X3Qf/jo8ZOng71nJ7asj YCJKFVppim3oKSGiZNOwbQywItUwWm6/Nj2T8/BWFnqL25VQVLwhZa5FNwhNR+8YEtwbzzLDRf+XeNHzdsNjlvczAdhNIzWRbdB3IGQdDWe7/V+sawUdQHaCcWtncVR5RLP jZNCQdNntYWKiyVfwAyh5gXYxK8f0tBXyGQ0Lw1+2tE1e3XC88LaVZGisuDuzN7steT/erPa5e8TL3VVO9BisyivFXUlba9CM2lAOLVCwIWR+K9UnHG8g8PbXdvSehub22a LdWWpWvoY8OEGxhw9s2NMppDowlLDPVNcL/AKnhkMxd0uxlBQvNagdjN0m3jaWuPAbJRcXdCBMKYsa6VWfgPWOtJw1PT7mGx8M8dtcDIaxtEw/nwQHn3oMt4lz8lL8prE5JA ckU9kTCZEkAtySX6TP8HX4CL4HvzYSINeN7NPrlXw8x/eeetS</latexit><latexit sha1_base64="ZQ+VrmzgcOfQGM55DzcOer+nDyo=">AAAC3HicdVFNa9 tAEF2rH0ndL6c5FspSUSilGMkNpMfQ5tCjC3Vi8KpmtRo5i1crsbsKuItuuZVe+xN6yLX9M/03Hdk6JHEzIHi8efNGOy+tlLQuiv72gjt3793f2X3Qf/jo8ZOng71nJ7asj YCJKFVppim3oKSGiZNOwbQywItUwWm6/Nj2T8/BWFnqL25VQVLwhZa5FNwhNR+8YEtwbzzLDRf+XeNHzdsNjlvczAdhNIzWRbdB3IGQdDWe7/V+sawUdQHaCcWtncVR5RLP jZNCQdNntYWKiyVfwAyh5gXYxK8f0tBXyGQ0Lw1+2tE1e3XC88LaVZGisuDuzN7steT/erPa5e8TL3VVO9BisyivFXUlba9CM2lAOLVCwIWR+K9UnHG8g8PbXdvSehub22a LdWWpWvoY8OEGxhw9s2NMppDowlLDPVNcL/AKnhkMxd0uxlBQvNagdjN0m3jaWuPAbJRcXdCBMKYsa6VWfgPWOtJw1PT7mGx8M8dtcDIaxtEw/nwQHn3oMt4lz8lL8prE5JA ckU9kTCZEkAtySX6TP8HX4CL4HvzYSINeN7NPrlXw8x/eeetS</latexit><latexit sha1_base64="ZQ+VrmzgcOfQGM55DzcOer+nDyo=">AAAC3HicdVFNa9 tAEF2rH0ndL6c5FspSUSilGMkNpMfQ5tCjC3Vi8KpmtRo5i1crsbsKuItuuZVe+xN6yLX9M/03Hdk6JHEzIHi8efNGOy+tlLQuiv72gjt3793f2X3Qf/jo8ZOng71nJ7asj YCJKFVppim3oKSGiZNOwbQywItUwWm6/Nj2T8/BWFnqL25VQVLwhZa5FNwhNR+8YEtwbzzLDRf+XeNHzdsNjlvczAdhNIzWRbdB3IGQdDWe7/V+sawUdQHaCcWtncVR5RLP jZNCQdNntYWKiyVfwAyh5gXYxK8f0tBXyGQ0Lw1+2tE1e3XC88LaVZGisuDuzN7steT/erPa5e8TL3VVO9BisyivFXUlba9CM2lAOLVCwIWR+K9UnHG8g8PbXdvSehub22a LdWWpWvoY8OEGxhw9s2NMppDowlLDPVNcL/AKnhkMxd0uxlBQvNagdjN0m3jaWuPAbJRcXdCBMKYsa6VWfgPWOtJw1PT7mGx8M8dtcDIaxtEw/nwQHn3oMt4lz8lL8prE5JA ckU9kTCZEkAtySX6TP8HX4CL4HvzYSINeN7NPrlXw8x/eeetS</latexit><latexit sha1_base64="ZQ+VrmzgcOfQGM55DzcOer+nDyo=">AAAC3HicdVFNa9 tAEF2rH0ndL6c5FspSUSilGMkNpMfQ5tCjC3Vi8KpmtRo5i1crsbsKuItuuZVe+xN6yLX9M/03Hdk6JHEzIHi8efNGOy+tlLQuiv72gjt3793f2X3Qf/jo8ZOng71nJ7asj YCJKFVppim3oKSGiZNOwbQywItUwWm6/Nj2T8/BWFnqL25VQVLwhZa5FNwhNR+8YEtwbzzLDRf+XeNHzdsNjlvczAdhNIzWRbdB3IGQdDWe7/V+sawUdQHaCcWtncVR5RLP jZNCQdNntYWKiyVfwAyh5gXYxK8f0tBXyGQ0Lw1+2tE1e3XC88LaVZGisuDuzN7steT/erPa5e8TL3VVO9BisyivFXUlba9CM2lAOLVCwIWR+K9UnHG8g8PbXdvSehub22a LdWWpWvoY8OEGxhw9s2NMppDowlLDPVNcL/AKnhkMxd0uxlBQvNagdjN0m3jaWuPAbJRcXdCBMKYsa6VWfgPWOtJw1PT7mGx8M8dtcDIaxtEw/nwQHn3oMt4lz8lL8prE5JA ckU9kTCZEkAtySX6TP8HX4CL4HvzYSINeN7NPrlXw8x/eeetS</latexit>
    32 ,  12
 
<latexit sha1_base64="GC/DBWnZHpSAJHdGG8MIKqAD15s=">AAAC3XicdVFNbxMx EHWWj5bwlcKRAxYrJIQg2g2VyrGCHnoMEmkjZVeR1zubWvHaK9tbKVh77A1x5R9w4Qo/pv+G2WQPbUNHsvT85s2MPS+rpLAuii57wZ279+7v7D7oP3z0+MnTwd6zE6trw2HCtdR mmjELUiiYOOEkTCsDrMwknGbLz23+9ByMFVp9dasK0pItlCgEZw6p+eBlsgT31ieFYdx/aPyoebfB7+P20swHYTSM1kG3QdyBkHQxnu/1fiW55nUJynHJrJ3FUeVSz4wTXELTT2o LFeNLtoAZQsVKsKlf/6Shr5HJaaENHuXomr1a4Vlp7arMUFkyd2Zv5lryf7lZ7YqPqReqqh0ovhlU1JI6Tdu10FwY4E6uEDBuBL6V8jOGi3C4vGtT2t7GFrbZYp3WsqWPAD9uYM ywZ36E1pQCuySZYT6RTC1wCz4x6Iq7XYyuoHitQe2m6DbxtG2NBbNRenVAB8KYJnkrteIbJG1HGo6afh+djW/6uA1ORsM4GsZf9sPDT53Hu+QFeUXekJgckENyTMZkQji5IL/JH /I3mAcXwffgx0Ya9Lqa5+RaBD//AXh+64k=</latexit><latexit sha1_base64="GC/DBWnZHpSAJHdGG8MIKqAD15s=">AAAC3XicdVFNbxMx EHWWj5bwlcKRAxYrJIQg2g2VyrGCHnoMEmkjZVeR1zubWvHaK9tbKVh77A1x5R9w4Qo/pv+G2WQPbUNHsvT85s2MPS+rpLAuii57wZ279+7v7D7oP3z0+MnTwd6zE6trw2HCtdR mmjELUiiYOOEkTCsDrMwknGbLz23+9ByMFVp9dasK0pItlCgEZw6p+eBlsgT31ieFYdx/aPyoebfB7+P20swHYTSM1kG3QdyBkHQxnu/1fiW55nUJynHJrJ3FUeVSz4wTXELTT2o LFeNLtoAZQsVKsKlf/6Shr5HJaaENHuXomr1a4Vlp7arMUFkyd2Zv5lryf7lZ7YqPqReqqh0ovhlU1JI6Tdu10FwY4E6uEDBuBL6V8jOGi3C4vGtT2t7GFrbZYp3WsqWPAD9uYM ywZ36E1pQCuySZYT6RTC1wCz4x6Iq7XYyuoHitQe2m6DbxtG2NBbNRenVAB8KYJnkrteIbJG1HGo6afh+djW/6uA1ORsM4GsZf9sPDT53Hu+QFeUXekJgckENyTMZkQji5IL/JH /I3mAcXwffgx0Ya9Lqa5+RaBD//AXh+64k=</latexit><latexit sha1_base64="GC/DBWnZHpSAJHdGG8MIKqAD15s=">AAAC3XicdVFNbxMx EHWWj5bwlcKRAxYrJIQg2g2VyrGCHnoMEmkjZVeR1zubWvHaK9tbKVh77A1x5R9w4Qo/pv+G2WQPbUNHsvT85s2MPS+rpLAuii57wZ279+7v7D7oP3z0+MnTwd6zE6trw2HCtdR mmjELUiiYOOEkTCsDrMwknGbLz23+9ByMFVp9dasK0pItlCgEZw6p+eBlsgT31ieFYdx/aPyoebfB7+P20swHYTSM1kG3QdyBkHQxnu/1fiW55nUJynHJrJ3FUeVSz4wTXELTT2o LFeNLtoAZQsVKsKlf/6Shr5HJaaENHuXomr1a4Vlp7arMUFkyd2Zv5lryf7lZ7YqPqReqqh0ovhlU1JI6Tdu10FwY4E6uEDBuBL6V8jOGi3C4vGtT2t7GFrbZYp3WsqWPAD9uYM ywZ36E1pQCuySZYT6RTC1wCz4x6Iq7XYyuoHitQe2m6DbxtG2NBbNRenVAB8KYJnkrteIbJG1HGo6afh+djW/6uA1ORsM4GsZf9sPDT53Hu+QFeUXekJgckENyTMZkQji5IL/JH /I3mAcXwffgx0Ya9Lqa5+RaBD//AXh+64k=</latexit><latexit sha1_base64="GC/DBWnZHpSAJHdGG8MIKqAD15s=">AAAC3XicdVFNbxMx EHWWj5bwlcKRAxYrJIQg2g2VyrGCHnoMEmkjZVeR1zubWvHaK9tbKVh77A1x5R9w4Qo/pv+G2WQPbUNHsvT85s2MPS+rpLAuii57wZ279+7v7D7oP3z0+MnTwd6zE6trw2HCtdR mmjELUiiYOOEkTCsDrMwknGbLz23+9ByMFVp9dasK0pItlCgEZw6p+eBlsgT31ieFYdx/aPyoebfB7+P20swHYTSM1kG3QdyBkHQxnu/1fiW55nUJynHJrJ3FUeVSz4wTXELTT2o LFeNLtoAZQsVKsKlf/6Shr5HJaaENHuXomr1a4Vlp7arMUFkyd2Zv5lryf7lZ7YqPqReqqh0ovhlU1JI6Tdu10FwY4E6uEDBuBL6V8jOGi3C4vGtT2t7GFrbZYp3WsqWPAD9uYM ywZ36E1pQCuySZYT6RTC1wCz4x6Iq7XYyuoHitQe2m6DbxtG2NBbNRenVAB8KYJnkrteIbJG1HGo6afh+djW/6uA1ORsM4GsZf9sPDT53Hu+QFeUXekJgckENyTMZkQji5IL/JH /I3mAcXwffgx0Ya9Lqa5+RaBD//AXh+64k=</latexit>
    32 ,  32
 
<latexit sha1_base64="9cYr8USQ4S4fLjxT3X6rB91z8G0=">AAAC3XicdVFNj9Mw EHXD11K+unDkgEWEhBBUSUFajivYA8ci0d1KdVQ5zqRr1XEi21mpWDnuDXHlH3DhCj+Gf8MkzWF3y45k6fnNmxl7XlopaV0U/R0EN27eun1n7+7w3v0HDx+N9h8f27I2AmaiVKW Zp9yCkhpmTjoF88oAL1IFJ+n6Y5s/OQNjZam/uE0FScFXWuZScIfUcvSMrcG98iw3XPi3jZ80r7f4TXdplqMwGkdd0F0Q9yAkfUyX+4OfLCtFXYB2QnFrF3FUucRz46RQ0AxZbaH iYs1XsECoeQE28d1PGvoCmYzmpcGjHe3YixWeF9ZuihSVBXen9mquJf+XW9Quf594qavagRbbQXmtqCtpuxaaSQPCqQ0CLozEt1JxynERDpd3aUrb29jcNjusK0vV0keAHzcw5d gzO0JrColdWGq4Z4rrFW7BM4OuuOvF6AqKOw1qt0XXiedtayxYTJKLA3oQxpRlrdTKr8DajjScNMMhOhtf9XEXHE/GcTSOP78LDz/0Hu+Rp+Q5eUlickAOyScyJTMiyDn5RX6TP 8EyOA++Bd+30mDQ1zwhlyL48Q99OuuL</latexit><latexit sha1_base64="9cYr8USQ4S4fLjxT3X6rB91z8G0=">AAAC3XicdVFNj9Mw EHXD11K+unDkgEWEhBBUSUFajivYA8ci0d1KdVQ5zqRr1XEi21mpWDnuDXHlH3DhCj+Gf8MkzWF3y45k6fnNmxl7XlopaV0U/R0EN27eun1n7+7w3v0HDx+N9h8f27I2AmaiVKW Zp9yCkhpmTjoF88oAL1IFJ+n6Y5s/OQNjZam/uE0FScFXWuZScIfUcvSMrcG98iw3XPi3jZ80r7f4TXdplqMwGkdd0F0Q9yAkfUyX+4OfLCtFXYB2QnFrF3FUucRz46RQ0AxZbaH iYs1XsECoeQE28d1PGvoCmYzmpcGjHe3YixWeF9ZuihSVBXen9mquJf+XW9Quf594qavagRbbQXmtqCtpuxaaSQPCqQ0CLozEt1JxynERDpd3aUrb29jcNjusK0vV0keAHzcw5d gzO0JrColdWGq4Z4rrFW7BM4OuuOvF6AqKOw1qt0XXiedtayxYTJKLA3oQxpRlrdTKr8DajjScNMMhOhtf9XEXHE/GcTSOP78LDz/0Hu+Rp+Q5eUlickAOyScyJTMiyDn5RX6TP 8EyOA++Bd+30mDQ1zwhlyL48Q99OuuL</latexit><latexit sha1_base64="9cYr8USQ4S4fLjxT3X6rB91z8G0=">AAAC3XicdVFNj9Mw EHXD11K+unDkgEWEhBBUSUFajivYA8ci0d1KdVQ5zqRr1XEi21mpWDnuDXHlH3DhCj+Gf8MkzWF3y45k6fnNmxl7XlopaV0U/R0EN27eun1n7+7w3v0HDx+N9h8f27I2AmaiVKW Zp9yCkhpmTjoF88oAL1IFJ+n6Y5s/OQNjZam/uE0FScFXWuZScIfUcvSMrcG98iw3XPi3jZ80r7f4TXdplqMwGkdd0F0Q9yAkfUyX+4OfLCtFXYB2QnFrF3FUucRz46RQ0AxZbaH iYs1XsECoeQE28d1PGvoCmYzmpcGjHe3YixWeF9ZuihSVBXen9mquJf+XW9Quf594qavagRbbQXmtqCtpuxaaSQPCqQ0CLozEt1JxynERDpd3aUrb29jcNjusK0vV0keAHzcw5d gzO0JrColdWGq4Z4rrFW7BM4OuuOvF6AqKOw1qt0XXiedtayxYTJKLA3oQxpRlrdTKr8DajjScNMMhOhtf9XEXHE/GcTSOP78LDz/0Hu+Rp+Q5eUlickAOyScyJTMiyDn5RX6TP 8EyOA++Bd+30mDQ1zwhlyL48Q99OuuL</latexit><latexit sha1_base64="9cYr8USQ4S4fLjxT3X6rB91z8G0=">AAAC3XicdVFNj9Mw EHXD11K+unDkgEWEhBBUSUFajivYA8ci0d1KdVQ5zqRr1XEi21mpWDnuDXHlH3DhCj+Gf8MkzWF3y45k6fnNmxl7XlopaV0U/R0EN27eun1n7+7w3v0HDx+N9h8f27I2AmaiVKW Zp9yCkhpmTjoF88oAL1IFJ+n6Y5s/OQNjZam/uE0FScFXWuZScIfUcvSMrcG98iw3XPi3jZ80r7f4TXdplqMwGkdd0F0Q9yAkfUyX+4OfLCtFXYB2QnFrF3FUucRz46RQ0AxZbaH iYs1XsECoeQE28d1PGvoCmYzmpcGjHe3YixWeF9ZuihSVBXen9mquJf+XW9Quf594qavagRbbQXmtqCtpuxaaSQPCqQ0CLozEt1JxynERDpd3aUrb29jcNjusK0vV0keAHzcw5d gzO0JrColdWGq4Z4rrFW7BM4OuuOvF6AqKOw1qt0XXiedtayxYTJKLA3oQxpRlrdTKr8DajjScNMMhOhtf9XEXHE/GcTSOP78LDz/0Hu+Rp+Q5eUlickAOyScyJTMiyDn5RX6TP 8EyOA++Bd+30mDQ1zwhlyL48Q99OuuL</latexit>
    12 ,  12
 
<latexit sha1_base64="WHCrbjK6gg5/QCDIW/Y/i4JcKBg=">AAAC3XicdVFNj9MwEHXD11I+tgtHDlhESAhBlVRI7HEFe+BYJLpbqYkqx5l0rTp2ZDtIXSvHvSGu/AMuXOHH 8G+YpDnsbtmRLD2/eTNjz8sqKayLor+D4NbtO3fv7d0fPnj46PH+6ODJidW14TDjWmozz5gFKRTMnHAS5pUBVmYSTrP1xzZ/+hWMFVp9cZsK0pKtlCgEZw6p5eh5sgb32ieFYdzHjZ80b7b4bXdplqMwGkdd0F0Q9yAkfUyXB4OfSa55XYJyXDJrF3FUudQz4wSX0AyT2kLF+JqtYIFQsRJs6rufNPQlMjkttMGjHO3YyxWeldZuygyVJXNn9nquJf+XW9SuOEy9UF XtQPHtoKKW1GnaroXmwgB3coOAcSPwrZSfMVyEw+VdmdL2NrawzQ7rtJYtfQz4cQNThj3zY7SmFNglyQzziWRqhVvwiUFX3M1idAXFnQa126KbxPO2NRYsJunlAT0IY5rkrdSKc0jajjScNMMhOhtf93EXnEzGcTSOP78Ljz70Hu+RZ+QFeUVi8p4ckU9kSmaEkwvyi/wmf4JlcBF8C75vpcGgr3lKrkTw4x9zqOuH</latexit><latexit sha1_base64="WHCrbjK6gg5/QCDIW/Y/i4JcKBg=">AAAC3XicdVFNj9MwEHXD11I+tgtHDlhESAhBlVRI7HEFe+BYJLpbqYkqx5l0rTp2ZDtIXSvHvSGu/AMuXOHH 8G+YpDnsbtmRLD2/eTNjz8sqKayLor+D4NbtO3fv7d0fPnj46PH+6ODJidW14TDjWmozz5gFKRTMnHAS5pUBVmYSTrP1xzZ/+hWMFVp9cZsK0pKtlCgEZw6p5eh5sgb32ieFYdzHjZ80b7b4bXdplqMwGkdd0F0Q9yAkfUyXB4OfSa55XYJyXDJrF3FUudQz4wSX0AyT2kLF+JqtYIFQsRJs6rufNPQlMjkttMGjHO3YyxWeldZuygyVJXNn9nquJf+XW9SuOEy9UF XtQPHtoKKW1GnaroXmwgB3coOAcSPwrZSfMVyEw+VdmdL2NrawzQ7rtJYtfQz4cQNThj3zY7SmFNglyQzziWRqhVvwiUFX3M1idAXFnQa126KbxPO2NRYsJunlAT0IY5rkrdSKc0jajjScNMMhOhtf93EXnEzGcTSOP78Ljz70Hu+RZ+QFeUVi8p4ckU9kSmaEkwvyi/wmf4JlcBF8C75vpcGgr3lKrkTw4x9zqOuH</latexit><latexit sha1_base64="WHCrbjK6gg5/QCDIW/Y/i4JcKBg=">AAAC3XicdVFNj9MwEHXD11I+tgtHDlhESAhBlVRI7HEFe+BYJLpbqYkqx5l0rTp2ZDtIXSvHvSGu/AMuXOHH 8G+YpDnsbtmRLD2/eTNjz8sqKayLor+D4NbtO3fv7d0fPnj46PH+6ODJidW14TDjWmozz5gFKRTMnHAS5pUBVmYSTrP1xzZ/+hWMFVp9cZsK0pKtlCgEZw6p5eh5sgb32ieFYdzHjZ80b7b4bXdplqMwGkdd0F0Q9yAkfUyXB4OfSa55XYJyXDJrF3FUudQz4wSX0AyT2kLF+JqtYIFQsRJs6rufNPQlMjkttMGjHO3YyxWeldZuygyVJXNn9nquJf+XW9SuOEy9UF XtQPHtoKKW1GnaroXmwgB3coOAcSPwrZSfMVyEw+VdmdL2NrawzQ7rtJYtfQz4cQNThj3zY7SmFNglyQzziWRqhVvwiUFX3M1idAXFnQa126KbxPO2NRYsJunlAT0IY5rkrdSKc0jajjScNMMhOhtf93EXnEzGcTSOP78Ljz70Hu+RZ+QFeUVi8p4ckU9kSmaEkwvyi/wmf4JlcBF8C75vpcGgr3lKrkTw4x9zqOuH</latexit><latexit sha1_base64="WHCrbjK6gg5/QCDIW/Y/i4JcKBg=">AAAC3XicdVFNj9MwEHXD11I+tgtHDlhESAhBlVRI7HEFe+BYJLpbqYkqx5l0rTp2ZDtIXSvHvSGu/AMuXOHH 8G+YpDnsbtmRLD2/eTNjz8sqKayLor+D4NbtO3fv7d0fPnj46PH+6ODJidW14TDjWmozz5gFKRTMnHAS5pUBVmYSTrP1xzZ/+hWMFVp9cZsK0pKtlCgEZw6p5eh5sgb32ieFYdzHjZ80b7b4bXdplqMwGkdd0F0Q9yAkfUyXB4OfSa55XYJyXDJrF3FUudQz4wSX0AyT2kLF+JqtYIFQsRJs6rufNPQlMjkttMGjHO3YyxWeldZuygyVJXNn9nquJf+XW9SuOEy9UF XtQPHtoKKW1GnaroXmwgB3coOAcSPwrZSfMVyEw+VdmdL2NrawzQ7rtJYtfQz4cQNThj3zY7SmFNglyQzziWRqhVvwiUFX3M1idAXFnQa126KbxPO2NRYsJunlAT0IY5rkrdSKc0jajjScNMMhOhtf93EXnEzGcTSOP78Ljz70Hu+RZ+QFeUVi8p4ckU9kSmaEkwvyi/wmf4JlcBF8C75vpcGgr3lKrkTw4x9zqOuH</latexit>
    12 , 12
 
<latexit sha1_base64="hXqkaLGvlrmn6tg3ONaA4dW3SWE=">AAAC3HicdVFNa9tAEF2rX6n7Eac9FspSUSilGMkU2mNIc+jRhToxeFWzWo2cxatdsbsquEK33EKv+Qk5 9Nr+mf6bjmwdnLgZEDzevHmjnZeWSjofRX97wZ279+4/2HvYf/T4ydP9wcGzE2cqK2AijDJ2mnIHSmqYeOkVTEsLvEgVnKbLT23/9DtYJ43+6lclJAVfaJlLwT1S88FLtgT/tma55aKOm3rUvNvCzXwQRsNoXXQXxB0ISVfj+UHvimVGVAVoLxR3bhZHpU9qbr0UCpo+qxyUXCz5AmYINS/AJfX6IQ19jUxGc2Px056u2e2JmhfOrYoUlQX3Z+5mryX/15 tVPv+Y1FKXlQctNovySlFvaHsVmkkLwqsVAi6sxH+l4ozjHTze7tqW1tu63DU7rDdGtfQx4MMtjDl6ZseYTCHRhaWW10xxvcAr1MxiKP52MYaC4rUGtZuh28TT1hoHZqNke0EHwpiyrJU6+QNY60jDUdPvY7LxzRx3wcloGEfD+Mv78PCoy3iPvCCvyBsSkw/kkHwmYzIhgpyTX+Q3+RN8C86Di+DnRhr0upnn5FoFl/8A2aXrUA==</latexit><latexit sha1_base64="hXqkaLGvlrmn6tg3ONaA4dW3SWE=">AAAC3HicdVFNa9tAEF2rX6n7Eac9FspSUSilGMkU2mNIc+jRhToxeFWzWo2cxatdsbsquEK33EKv+Qk5 9Nr+mf6bjmwdnLgZEDzevHmjnZeWSjofRX97wZ279+4/2HvYf/T4ydP9wcGzE2cqK2AijDJ2mnIHSmqYeOkVTEsLvEgVnKbLT23/9DtYJ43+6lclJAVfaJlLwT1S88FLtgT/tma55aKOm3rUvNvCzXwQRsNoXXQXxB0ISVfj+UHvimVGVAVoLxR3bhZHpU9qbr0UCpo+qxyUXCz5AmYINS/AJfX6IQ19jUxGc2Px056u2e2JmhfOrYoUlQX3Z+5mryX/15 tVPv+Y1FKXlQctNovySlFvaHsVmkkLwqsVAi6sxH+l4ozjHTze7tqW1tu63DU7rDdGtfQx4MMtjDl6ZseYTCHRhaWW10xxvcAr1MxiKP52MYaC4rUGtZuh28TT1hoHZqNke0EHwpiyrJU6+QNY60jDUdPvY7LxzRx3wcloGEfD+Mv78PCoy3iPvCCvyBsSkw/kkHwmYzIhgpyTX+Q3+RN8C86Di+DnRhr0upnn5FoFl/8A2aXrUA==</latexit><latexit sha1_base64="hXqkaLGvlrmn6tg3ONaA4dW3SWE=">AAAC3HicdVFNa9tAEF2rX6n7Eac9FspSUSilGMkU2mNIc+jRhToxeFWzWo2cxatdsbsquEK33EKv+Qk5 9Nr+mf6bjmwdnLgZEDzevHmjnZeWSjofRX97wZ279+4/2HvYf/T4ydP9wcGzE2cqK2AijDJ2mnIHSmqYeOkVTEsLvEgVnKbLT23/9DtYJ43+6lclJAVfaJlLwT1S88FLtgT/tma55aKOm3rUvNvCzXwQRsNoXXQXxB0ISVfj+UHvimVGVAVoLxR3bhZHpU9qbr0UCpo+qxyUXCz5AmYINS/AJfX6IQ19jUxGc2Px056u2e2JmhfOrYoUlQX3Z+5mryX/15 tVPv+Y1FKXlQctNovySlFvaHsVmkkLwqsVAi6sxH+l4ozjHTze7tqW1tu63DU7rDdGtfQx4MMtjDl6ZseYTCHRhaWW10xxvcAr1MxiKP52MYaC4rUGtZuh28TT1hoHZqNke0EHwpiyrJU6+QNY60jDUdPvY7LxzRx3wcloGEfD+Mv78PCoy3iPvCCvyBsSkw/kkHwmYzIhgpyTX+Q3+RN8C86Di+DnRhr0upnn5FoFl/8A2aXrUA==</latexit><latexit sha1_base64="hXqkaLGvlrmn6tg3ONaA4dW3SWE=">AAAC3HicdVFNa9tAEF2rX6n7Eac9FspSUSilGMkU2mNIc+jRhToxeFWzWo2cxatdsbsquEK33EKv+Qk5 9Nr+mf6bjmwdnLgZEDzevHmjnZeWSjofRX97wZ279+4/2HvYf/T4ydP9wcGzE2cqK2AijDJ2mnIHSmqYeOkVTEsLvEgVnKbLT23/9DtYJ43+6lclJAVfaJlLwT1S88FLtgT/tma55aKOm3rUvNvCzXwQRsNoXXQXxB0ISVfj+UHvimVGVAVoLxR3bhZHpU9qbr0UCpo+qxyUXCz5AmYINS/AJfX6IQ19jUxGc2Px056u2e2JmhfOrYoUlQX3Z+5mryX/15 tVPv+Y1FKXlQctNovySlFvaHsVmkkLwqsVAi6sxH+l4ozjHTze7tqW1tu63DU7rDdGtfQx4MMtjDl6ZseYTCHRhaWW10xxvcAr1MxiKP52MYaC4rUGtZuh28TT1hoHZqNke0EHwpiyrJU6+QNY60jDUdPvY7LxzRx3wcloGEfD+Mv78PCoy3iPvCCvyBsSkw/kkHwmYzIhgpyTX+Q3+RN8C86Di+DnRhr0upnn5FoFl/8A2aXrUA==</latexit>
Sx
<latexit sha1_base64="wRU+cyD1Mv4a3wa/jAN5IheFGKY =">AAACv3icdVHLbtswEKTVV+q+kvaYC1GhQE+GZBRIj2mbQ48uEicGLDWgqJVCmCIFchXEFfwJvTZ/kH/q33Rl65DEzQIEBr Ozs8vdrNbKYxT9HQSPHj95+mzn+fDFy1ev3+zuvT31tnESptJq62aZ8KCVgSkq1DCrHYgq03CWLb51+bNLcF5Zc4LLGtJKlEY VSgok6vj459X5bhiNonXwbRD3IGR9TM73BjdJbmVTgUGphffzOKoxbYVDJTWshknjoRZyIUqYEzSiAp+261lX/AMxOS+so2eQ r9nbFa2ovF9WGSkrgRf+fq4j/5ebN1h8Tltl6gbByE2jotEcLe8+znPlQKJeEhDSKZqVywvhhERaz50unbfzhV9tsWit7ugjo I87mAjyzI9o+ZUilyRzok20MCVtoU0c7R0fFi8ASbzWkHZT9JB41llTwXyc3m7QgzDmSd5JvfoFSefIw/FqOKTLxvfvuA1Ox6 M4GsU/PoWHX/sb77B99p59ZDE7YIfsO5uwKZOsZL/ZH3YdfAnKwAT1RhoM+pp37E4Ey39S+N+2</latexit><latexit sha1_base64="wRU+cyD1Mv4a3wa/jAN5IheFGKY =">AAACv3icdVHLbtswEKTVV+q+kvaYC1GhQE+GZBRIj2mbQ48uEicGLDWgqJVCmCIFchXEFfwJvTZ/kH/q33Rl65DEzQIEBr Ozs8vdrNbKYxT9HQSPHj95+mzn+fDFy1ev3+zuvT31tnESptJq62aZ8KCVgSkq1DCrHYgq03CWLb51+bNLcF5Zc4LLGtJKlEY VSgok6vj459X5bhiNonXwbRD3IGR9TM73BjdJbmVTgUGphffzOKoxbYVDJTWshknjoRZyIUqYEzSiAp+261lX/AMxOS+so2eQ r9nbFa2ovF9WGSkrgRf+fq4j/5ebN1h8Tltl6gbByE2jotEcLe8+znPlQKJeEhDSKZqVywvhhERaz50unbfzhV9tsWit7ugjo I87mAjyzI9o+ZUilyRzok20MCVtoU0c7R0fFi8ASbzWkHZT9JB41llTwXyc3m7QgzDmSd5JvfoFSefIw/FqOKTLxvfvuA1Ox6 M4GsU/PoWHX/sb77B99p59ZDE7YIfsO5uwKZOsZL/ZH3YdfAnKwAT1RhoM+pp37E4Ey39S+N+2</latexit><latexit sha1_base64="wRU+cyD1Mv4a3wa/jAN5IheFGKY =">AAACv3icdVHLbtswEKTVV+q+kvaYC1GhQE+GZBRIj2mbQ48uEicGLDWgqJVCmCIFchXEFfwJvTZ/kH/q33Rl65DEzQIEBr Ozs8vdrNbKYxT9HQSPHj95+mzn+fDFy1ev3+zuvT31tnESptJq62aZ8KCVgSkq1DCrHYgq03CWLb51+bNLcF5Zc4LLGtJKlEY VSgok6vj459X5bhiNonXwbRD3IGR9TM73BjdJbmVTgUGphffzOKoxbYVDJTWshknjoRZyIUqYEzSiAp+261lX/AMxOS+so2eQ r9nbFa2ovF9WGSkrgRf+fq4j/5ebN1h8Tltl6gbByE2jotEcLe8+znPlQKJeEhDSKZqVywvhhERaz50unbfzhV9tsWit7ugjo I87mAjyzI9o+ZUilyRzok20MCVtoU0c7R0fFi8ASbzWkHZT9JB41llTwXyc3m7QgzDmSd5JvfoFSefIw/FqOKTLxvfvuA1Ox6 M4GsU/PoWHX/sb77B99p59ZDE7YIfsO5uwKZOsZL/ZH3YdfAnKwAT1RhoM+pp37E4Ey39S+N+2</latexit><latexit sha1_base64="wRU+cyD1Mv4a3wa/jAN5IheFGKY =">AAACv3icdVHLbtswEKTVV+q+kvaYC1GhQE+GZBRIj2mbQ48uEicGLDWgqJVCmCIFchXEFfwJvTZ/kH/q33Rl65DEzQIEBr Ozs8vdrNbKYxT9HQSPHj95+mzn+fDFy1ev3+zuvT31tnESptJq62aZ8KCVgSkq1DCrHYgq03CWLb51+bNLcF5Zc4LLGtJKlEY VSgok6vj459X5bhiNonXwbRD3IGR9TM73BjdJbmVTgUGphffzOKoxbYVDJTWshknjoRZyIUqYEzSiAp+261lX/AMxOS+so2eQ r9nbFa2ovF9WGSkrgRf+fq4j/5ebN1h8Tltl6gbByE2jotEcLe8+znPlQKJeEhDSKZqVywvhhERaz50unbfzhV9tsWit7ugjo I87mAjyzI9o+ZUilyRzok20MCVtoU0c7R0fFi8ASbzWkHZT9JB41llTwXyc3m7QgzDmSd5JvfoFSefIw/FqOKTLxvfvuA1Ox6 M4GsU/PoWHX/sb77B99p59ZDE7YIfsO5uwKZOsZL/ZH3YdfAnKwAT1RhoM+pp37E4Ey39S+N+2</latexit>
Sx
<latexit sha1_base64="wRU+cyD1Mv4a3wa/jAN5IheFGKY =">AAACv3icdVHLbtswEKTVV+q+kvaYC1GhQE+GZBRIj2mbQ48uEicGLDWgqJVCmCIFchXEFfwJvTZ/kH/q33Rl65DEzQIEBr Ozs8vdrNbKYxT9HQSPHj95+mzn+fDFy1ev3+zuvT31tnESptJq62aZ8KCVgSkq1DCrHYgq03CWLb51+bNLcF5Zc4LLGtJKlEY VSgok6vj459X5bhiNonXwbRD3IGR9TM73BjdJbmVTgUGphffzOKoxbYVDJTWshknjoRZyIUqYEzSiAp+261lX/AMxOS+so2eQ r9nbFa2ovF9WGSkrgRf+fq4j/5ebN1h8Tltl6gbByE2jotEcLe8+znPlQKJeEhDSKZqVywvhhERaz50unbfzhV9tsWit7ugjo I87mAjyzI9o+ZUilyRzok20MCVtoU0c7R0fFi8ASbzWkHZT9JB41llTwXyc3m7QgzDmSd5JvfoFSefIw/FqOKTLxvfvuA1Ox6 M4GsU/PoWHX/sb77B99p59ZDE7YIfsO5uwKZOsZL/ZH3YdfAnKwAT1RhoM+pp37E4Ey39S+N+2</latexit><latexit sha1_base64="wRU+cyD1Mv4a3wa/jAN5IheFGKY =">AAACv3icdVHLbtswEKTVV+q+kvaYC1GhQE+GZBRIj2mbQ48uEicGLDWgqJVCmCIFchXEFfwJvTZ/kH/q33Rl65DEzQIEBr Ozs8vdrNbKYxT9HQSPHj95+mzn+fDFy1ev3+zuvT31tnESptJq62aZ8KCVgSkq1DCrHYgq03CWLb51+bNLcF5Zc4LLGtJKlEY VSgok6vj459X5bhiNonXwbRD3IGR9TM73BjdJbmVTgUGphffzOKoxbYVDJTWshknjoRZyIUqYEzSiAp+261lX/AMxOS+so2eQ r9nbFa2ovF9WGSkrgRf+fq4j/5ebN1h8Tltl6gbByE2jotEcLe8+znPlQKJeEhDSKZqVywvhhERaz50unbfzhV9tsWit7ugjo I87mAjyzI9o+ZUilyRzok20MCVtoU0c7R0fFi8ASbzWkHZT9JB41llTwXyc3m7QgzDmSd5JvfoFSefIw/FqOKTLxvfvuA1Ox6 M4GsU/PoWHX/sb77B99p59ZDE7YIfsO5uwKZOsZL/ZH3YdfAnKwAT1RhoM+pp37E4Ey39S+N+2</latexit><latexit sha1_base64="wRU+cyD1Mv4a3wa/jAN5IheFGKY =">AAACv3icdVHLbtswEKTVV+q+kvaYC1GhQE+GZBRIj2mbQ48uEicGLDWgqJVCmCIFchXEFfwJvTZ/kH/q33Rl65DEzQIEBr Ozs8vdrNbKYxT9HQSPHj95+mzn+fDFy1ev3+zuvT31tnESptJq62aZ8KCVgSkq1DCrHYgq03CWLb51+bNLcF5Zc4LLGtJKlEY VSgok6vj459X5bhiNonXwbRD3IGR9TM73BjdJbmVTgUGphffzOKoxbYVDJTWshknjoRZyIUqYEzSiAp+261lX/AMxOS+so2eQ r9nbFa2ovF9WGSkrgRf+fq4j/5ebN1h8Tltl6gbByE2jotEcLe8+znPlQKJeEhDSKZqVywvhhERaz50unbfzhV9tsWit7ugjo I87mAjyzI9o+ZUilyRzok20MCVtoU0c7R0fFi8ASbzWkHZT9JB41llTwXyc3m7QgzDmSd5JvfoFSefIw/FqOKTLxvfvuA1Ox6 M4GsU/PoWHX/sb77B99p59ZDE7YIfsO5uwKZOsZL/ZH3YdfAnKwAT1RhoM+pp37E4Ey39S+N+2</latexit><latexit sha1_base64="wRU+cyD1Mv4a3wa/jAN5IheFGKY =">AAACv3icdVHLbtswEKTVV+q+kvaYC1GhQE+GZBRIj2mbQ48uEicGLDWgqJVCmCIFchXEFfwJvTZ/kH/q33Rl65DEzQIEBr Ozs8vdrNbKYxT9HQSPHj95+mzn+fDFy1ev3+zuvT31tnESptJq62aZ8KCVgSkq1DCrHYgq03CWLb51+bNLcF5Zc4LLGtJKlEY VSgok6vj459X5bhiNonXwbRD3IGR9TM73BjdJbmVTgUGphffzOKoxbYVDJTWshknjoRZyIUqYEzSiAp+261lX/AMxOS+so2eQ r9nbFa2ovF9WGSkrgRf+fq4j/5ebN1h8Tltl6gbByE2jotEcLe8+znPlQKJeEhDSKZqVywvhhERaz50unbfzhV9tsWit7ugjo I87mAjyzI9o+ZUilyRzok20MCVtoU0c7R0fFi8ASbzWkHZT9JB41llTwXyc3m7QgzDmSd5JvfoFSefIw/FqOKTLxvfvuA1Ox6 M4GsU/PoWHX/sb77B99p59ZDE7YIfsO5uwKZOsZL/ZH3YdfAnKwAT1RhoM+pp37E4Ey39S+N+2</latexit>
Sy
<latexit sha1_base64="brv YJOz3wijmOnEVJBxJo8OFtKQ=">AAACv3icdVFNb9NAEN2Yr xK+2nLkssJC4hTZERIcC+2hx6CSNlJsqvV67K6y3rV2x0jGyk /oFf4B/4l/wzjxoW3oSCs9vXnzZnYmq7XyGEV/R8GDh48eP9 l7On72/MXLV/sHh+feNk7CXFpt3SITHrQyMEeFGha1A1FlGi6 y1XGfv/gBzitrvmFbQ1qJ0qhCSYFEnZ19by/3w2gSbYLvgng AIRtidnkw+pPkVjYVGJRaeL+MoxrTTjhUUsN6nDQeaiFXooQ lQSMq8Gm3mXXN3xGT88I6egb5hr1Z0YnK+7bKSFkJvPJ3cz35 v9yyweJT2ilTNwhGbhsVjeZoef9xnisHEnVLQEinaFYur4QT Emk9t7r03s4Xfr3DorW6p0+APu5gJsgzP6HlV4pcksyJLtHCl LSFLnG0d7xfvAIk8UZD2m3RfeJFb00Fy2l6s8EAwpgneS/16 ickvSMPp+vxmC4b373jLjifTuJoEn/9EB59GW68x96wt+w9i9 lHdsRO2YzNmWQlu2a/2O/gc1AGJqi30mA01LxmtyJo/wFVUd +3</latexit><latexit sha1_base64="brv YJOz3wijmOnEVJBxJo8OFtKQ=">AAACv3icdVFNb9NAEN2Yr xK+2nLkssJC4hTZERIcC+2hx6CSNlJsqvV67K6y3rV2x0jGyk /oFf4B/4l/wzjxoW3oSCs9vXnzZnYmq7XyGEV/R8GDh48eP9 l7On72/MXLV/sHh+feNk7CXFpt3SITHrQyMEeFGha1A1FlGi6 y1XGfv/gBzitrvmFbQ1qJ0qhCSYFEnZ19by/3w2gSbYLvgng AIRtidnkw+pPkVjYVGJRaeL+MoxrTTjhUUsN6nDQeaiFXooQ lQSMq8Gm3mXXN3xGT88I6egb5hr1Z0YnK+7bKSFkJvPJ3cz35 v9yyweJT2ilTNwhGbhsVjeZoef9xnisHEnVLQEinaFYur4QT Emk9t7r03s4Xfr3DorW6p0+APu5gJsgzP6HlV4pcksyJLtHCl LSFLnG0d7xfvAIk8UZD2m3RfeJFb00Fy2l6s8EAwpgneS/16 ickvSMPp+vxmC4b373jLjifTuJoEn/9EB59GW68x96wt+w9i9 lHdsRO2YzNmWQlu2a/2O/gc1AGJqi30mA01LxmtyJo/wFVUd +3</latexit><latexit sha1_base64="brv YJOz3wijmOnEVJBxJo8OFtKQ=">AAACv3icdVFNb9NAEN2Yr xK+2nLkssJC4hTZERIcC+2hx6CSNlJsqvV67K6y3rV2x0jGyk /oFf4B/4l/wzjxoW3oSCs9vXnzZnYmq7XyGEV/R8GDh48eP9 l7On72/MXLV/sHh+feNk7CXFpt3SITHrQyMEeFGha1A1FlGi6 y1XGfv/gBzitrvmFbQ1qJ0qhCSYFEnZ19by/3w2gSbYLvgng AIRtidnkw+pPkVjYVGJRaeL+MoxrTTjhUUsN6nDQeaiFXooQ lQSMq8Gm3mXXN3xGT88I6egb5hr1Z0YnK+7bKSFkJvPJ3cz35 v9yyweJT2ilTNwhGbhsVjeZoef9xnisHEnVLQEinaFYur4QT Emk9t7r03s4Xfr3DorW6p0+APu5gJsgzP6HlV4pcksyJLtHCl LSFLnG0d7xfvAIk8UZD2m3RfeJFb00Fy2l6s8EAwpgneS/16 ickvSMPp+vxmC4b373jLjifTuJoEn/9EB59GW68x96wt+w9i9 lHdsRO2YzNmWQlu2a/2O/gc1AGJqi30mA01LxmtyJo/wFVUd +3</latexit><latexit sha1_base64="brv YJOz3wijmOnEVJBxJo8OFtKQ=">AAACv3icdVFNb9NAEN2Yr xK+2nLkssJC4hTZERIcC+2hx6CSNlJsqvV67K6y3rV2x0jGyk /oFf4B/4l/wzjxoW3oSCs9vXnzZnYmq7XyGEV/R8GDh48eP9 l7On72/MXLV/sHh+feNk7CXFpt3SITHrQyMEeFGha1A1FlGi6 y1XGfv/gBzitrvmFbQ1qJ0qhCSYFEnZ19by/3w2gSbYLvgng AIRtidnkw+pPkVjYVGJRaeL+MoxrTTjhUUsN6nDQeaiFXooQ lQSMq8Gm3mXXN3xGT88I6egb5hr1Z0YnK+7bKSFkJvPJ3cz35 v9yyweJT2ilTNwhGbhsVjeZoef9xnisHEnVLQEinaFYur4QT Emk9t7r03s4Xfr3DorW6p0+APu5gJsgzP6HlV4pcksyJLtHCl LSFLnG0d7xfvAIk8UZD2m3RfeJFb00Fy2l6s8EAwpgneS/16 ickvSMPp+vxmC4b373jLjifTuJoEn/9EB59GW68x96wt+w9i9 lHdsRO2YzNmWQlu2a/2O/gc1AGJqi30mA01LxmtyJo/wFVUd +3</latexit>
Sz
<latexit sha1_base64="xXR Fsk/CzhpxBDX8lzm6gEWwAnQ=">AAACv3icdVHLbtswEKTVV +q+kvaYC1GhQE+GZBRIj2maQ48uEicGLDWgqJVCmCIFchXAEf wJvbZ/0H/K32Rl65DEzQIEBrOzs8vdrNbKYxTdDIInT589f7 Hzcvjq9Zu373b33p952zgJU2m1dbNMeNDKwBQVapjVDkSVaTj PFt+7/PkVOK+sOcVlDWklSqMKJQUSdXLy6/piN4xG0Tr4Noh 7ELI+Jhd7g39JbmVTgUGphffzOKoxbYVDJTWshknjoRZyIUq YEzSiAp+261lX/BMxOS+so2eQr9m7Fa2ovF9WGSkrgZf+Ya4j /5ebN1h8TVtl6gbByE2jotEcLe8+znPlQKJeEhDSKZqVy0vh hERaz70unbfzhV9tsWit7uhjoI87mAjyzI9p+ZUilyRzok20M CVtoU0c7R0fFy8ASbzWkHZT9Jh41llTwXyc3m3QgzDmSd5Jv bqGpHPk4Xg1HNJl44d33AZn41EcjeKfX8LDo/7GO2yffWSfWc wO2CH7wSZsyiQr2W/2h/0NvgVlYIJ6Iw0Gfc0Hdi+C5S1Xqt +4</latexit><latexit sha1_base64="xXR Fsk/CzhpxBDX8lzm6gEWwAnQ=">AAACv3icdVHLbtswEKTVV +q+kvaYC1GhQE+GZBRIj2maQ48uEicGLDWgqJVCmCIFchXAEf wJvbZ/0H/K32Rl65DEzQIEBrOzs8vdrNbKYxTdDIInT589f7 Hzcvjq9Zu373b33p952zgJU2m1dbNMeNDKwBQVapjVDkSVaTj PFt+7/PkVOK+sOcVlDWklSqMKJQUSdXLy6/piN4xG0Tr4Noh 7ELI+Jhd7g39JbmVTgUGphffzOKoxbYVDJTWshknjoRZyIUq YEzSiAp+261lX/BMxOS+so2eQr9m7Fa2ovF9WGSkrgZf+Ya4j /5ebN1h8TVtl6gbByE2jotEcLe8+znPlQKJeEhDSKZqVy0vh hERaz70unbfzhV9tsWit7uhjoI87mAjyzI9p+ZUilyRzok20M CVtoU0c7R0fFy8ASbzWkHZT9Jh41llTwXyc3m3QgzDmSd5Jv bqGpHPk4Xg1HNJl44d33AZn41EcjeKfX8LDo/7GO2yffWSfWc wO2CH7wSZsyiQr2W/2h/0NvgVlYIJ6Iw0Gfc0Hdi+C5S1Xqt +4</latexit><latexit sha1_base64="xXR Fsk/CzhpxBDX8lzm6gEWwAnQ=">AAACv3icdVHLbtswEKTVV +q+kvaYC1GhQE+GZBRIj2maQ48uEicGLDWgqJVCmCIFchXAEf wJvbZ/0H/K32Rl65DEzQIEBrOzs8vdrNbKYxTdDIInT589f7 Hzcvjq9Zu373b33p952zgJU2m1dbNMeNDKwBQVapjVDkSVaTj PFt+7/PkVOK+sOcVlDWklSqMKJQUSdXLy6/piN4xG0Tr4Noh 7ELI+Jhd7g39JbmVTgUGphffzOKoxbYVDJTWshknjoRZyIUq YEzSiAp+261lX/BMxOS+so2eQr9m7Fa2ovF9WGSkrgZf+Ya4j /5ebN1h8TVtl6gbByE2jotEcLe8+znPlQKJeEhDSKZqVy0vh hERaz70unbfzhV9tsWit7uhjoI87mAjyzI9p+ZUilyRzok20M CVtoU0c7R0fFy8ASbzWkHZT9Jh41llTwXyc3m3QgzDmSd5Jv bqGpHPk4Xg1HNJl44d33AZn41EcjeKfX8LDo/7GO2yffWSfWc wO2CH7wSZsyiQr2W/2h/0NvgVlYIJ6Iw0Gfc0Hdi+C5S1Xqt +4</latexit><latexit sha1_base64="xXR Fsk/CzhpxBDX8lzm6gEWwAnQ=">AAACv3icdVHLbtswEKTVV +q+kvaYC1GhQE+GZBRIj2maQ48uEicGLDWgqJVCmCIFchXAEf wJvbZ/0H/K32Rl65DEzQIEBrOzs8vdrNbKYxTdDIInT589f7 Hzcvjq9Zu373b33p952zgJU2m1dbNMeNDKwBQVapjVDkSVaTj PFt+7/PkVOK+sOcVlDWklSqMKJQUSdXLy6/piN4xG0Tr4Noh 7ELI+Jhd7g39JbmVTgUGphffzOKoxbYVDJTWshknjoRZyIUq YEzSiAp+261lX/BMxOS+so2eQr9m7Fa2ovF9WGSkrgZf+Ya4j /5ebN1h8TVtl6gbByE2jotEcLe8+znPlQKJeEhDSKZqVy0vh hERaz70unbfzhV9tsWit7uhjoI87mAjyzI9p+ZUilyRzok20M CVtoU0c7R0fFy8ASbzWkHZT9Jh41llTwXyc3m3QgzDmSd5Jv bqGpHPk4Xg1HNJl44d33AZn41EcjeKfX8LDo/7GO2yffWSfWc wO2CH7wSZsyiQr2W/2h/0NvgVlYIJ6Iw0Gfc0Hdi+C5S1Xqt +4</latexit>
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<latexit sha1_base64="ZQ+VrmzgcOf QGM55DzcOer+nDyo=">AAAC3HicdVFNa9tAEF2rH0ndL6c5FspSUSilGMkNpMfQ5tC jC3Vi8KpmtRo5i1crsbsKuItuuZVe+xN6yLX9M/03Hdk6JHEzIHi8efNGOy+tlLQu iv72gjt3793f2X3Qf/jo8ZOng71nJ7asjYCJKFVppim3oKSGiZNOwbQywItUwWm6/N j2T8/BWFnqL25VQVLwhZa5FNwhNR+8YEtwbzzLDRf+XeNHzdsNjlvczAdhNIzWRbd B3IGQdDWe7/V+sawUdQHaCcWtncVR5RLPjZNCQdNntYWKiyVfwAyh5gXYxK8f0tBXy GQ0Lw1+2tE1e3XC88LaVZGisuDuzN7steT/erPa5e8TL3VVO9BisyivFXUlba9CM2l AOLVCwIWR+K9UnHG8g8PbXdvSehub22aLdWWpWvoY8OEGxhw9s2NMppDowlLDPVNc L/AKnhkMxd0uxlBQvNagdjN0m3jaWuPAbJRcXdCBMKYsa6VWfgPWOtJw1PT7mGx8M8 dtcDIaxtEw/nwQHn3oMt4lz8lL8prE5JAckU9kTCZEkAtySX6TP8HX4CL4HvzYSIN eN7NPrlXw8x/eeetS</latexit><latexit sha1_base64="ZQ+VrmzgcOf QGM55DzcOer+nDyo=">AAAC3HicdVFNa9tAEF2rH0ndL6c5FspSUSilGMkNpMfQ5tC jC3Vi8KpmtRo5i1crsbsKuItuuZVe+xN6yLX9M/03Hdk6JHEzIHi8efNGOy+tlLQu iv72gjt3793f2X3Qf/jo8ZOng71nJ7asjYCJKFVppim3oKSGiZNOwbQywItUwWm6/N j2T8/BWFnqL25VQVLwhZa5FNwhNR+8YEtwbzzLDRf+XeNHzdsNjlvczAdhNIzWRbd B3IGQdDWe7/V+sawUdQHaCcWtncVR5RLPjZNCQdNntYWKiyVfwAyh5gXYxK8f0tBXy GQ0Lw1+2tE1e3XC88LaVZGisuDuzN7steT/erPa5e8TL3VVO9BisyivFXUlba9CM2l AOLVCwIWR+K9UnHG8g8PbXdvSehub22aLdWWpWvoY8OEGxhw9s2NMppDowlLDPVNc L/AKnhkMxd0uxlBQvNagdjN0m3jaWuPAbJRcXdCBMKYsa6VWfgPWOtJw1PT7mGx8M8 dtcDIaxtEw/nwQHn3oMt4lz8lL8prE5JAckU9kTCZEkAtySX6TP8HX4CL4HvzYSIN eN7NPrlXw8x/eeetS</latexit><latexit sha1_base64="ZQ+VrmzgcOf QGM55DzcOer+nDyo=">AAAC3HicdVFNa9tAEF2rH0ndL6c5FspSUSilGMkNpMfQ5tC jC3Vi8KpmtRo5i1crsbsKuItuuZVe+xN6yLX9M/03Hdk6JHEzIHi8efNGOy+tlLQu iv72gjt3793f2X3Qf/jo8ZOng71nJ7asjYCJKFVppim3oKSGiZNOwbQywItUwWm6/N j2T8/BWFnqL25VQVLwhZa5FNwhNR+8YEtwbzzLDRf+XeNHzdsNjlvczAdhNIzWRbd B3IGQdDWe7/V+sawUdQHaCcWtncVR5RLPjZNCQdNntYWKiyVfwAyh5gXYxK8f0tBXy GQ0Lw1+2tE1e3XC88LaVZGisuDuzN7steT/erPa5e8TL3VVO9BisyivFXUlba9CM2l AOLVCwIWR+K9UnHG8g8PbXdvSehub22aLdWWpWvoY8OEGxhw9s2NMppDowlLDPVNc L/AKnhkMxd0uxlBQvNagdjN0m3jaWuPAbJRcXdCBMKYsa6VWfgPWOtJw1PT7mGx8M8 dtcDIaxtEw/nwQHn3oMt4lz8lL8prE5JAckU9kTCZEkAtySX6TP8HX4CL4HvzYSIN eN7NPrlXw8x/eeetS</latexit><latexit sha1_base64="ZQ+VrmzgcOf QGM55DzcOer+nDyo=">AAAC3HicdVFNa9tAEF2rH0ndL6c5FspSUSilGMkNpMfQ5tC jC3Vi8KpmtRo5i1crsbsKuItuuZVe+xN6yLX9M/03Hdk6JHEzIHi8efNGOy+tlLQu iv72gjt3793f2X3Qf/jo8ZOng71nJ7asjYCJKFVppim3oKSGiZNOwbQywItUwWm6/N j2T8/BWFnqL25VQVLwhZa5FNwhNR+8YEtwbzzLDRf+XeNHzdsNjlvczAdhNIzWRbd B3IGQdDWe7/V+sawUdQHaCcWtncVR5RLPjZNCQdNntYWKiyVfwAyh5gXYxK8f0tBXy GQ0Lw1+2tE1e3XC88LaVZGisuDuzN7steT/erPa5e8TL3VVO9BisyivFXUlba9CM2l AOLVCwIWR+K9UnHG8g8PbXdvSehub22aLdWWpWvoY8OEGxhw9s2NMppDowlLDPVNc L/AKnhkMxd0uxlBQvNagdjN0m3jaWuPAbJRcXdCBMKYsa6VWfgPWOtJw1PT7mGx8M8 dtcDIaxtEw/nwQHn3oMt4lz8lL8prE5JAckU9kTCZEkAtySX6TP8HX4CL4HvzYSIN eN7NPrlXw8x/eeetS</latexit>
    32 ,  12
 
<latexit sha1_base64="GC/DBWnZHpSA JHdGG8MIKqAD15s=">AAAC3XicdVFNbxMxEHWWj5bwlcKRAxYrJIQg2g2VyrGCHnoMEm kjZVeR1zubWvHaK9tbKVh77A1x5R9w4Qo/pv+G2WQPbUNHsvT85s2MPS+rpLAuii57wZ 279+7v7D7oP3z0+MnTwd6zE6trw2HCtdRmmjELUiiYOOEkTCsDrMwknGbLz23+9ByMF Vp9dasK0pItlCgEZw6p+eBlsgT31ieFYdx/aPyoebfB7+P20swHYTSM1kG3QdyBkHQxn u/1fiW55nUJynHJrJ3FUeVSz4wTXELTT2oLFeNLtoAZQsVKsKlf/6Shr5HJaaENHuXom r1a4Vlp7arMUFkyd2Zv5lryf7lZ7YqPqReqqh0ovhlU1JI6Tdu10FwY4E6uEDBuBL6V 8jOGi3C4vGtT2t7GFrbZYp3WsqWPAD9uYMywZ36E1pQCuySZYT6RTC1wCz4x6Iq7XYyu oHitQe2m6DbxtG2NBbNRenVAB8KYJnkrteIbJG1HGo6afh+djW/6uA1ORsM4GsZf9sPD T53Hu+QFeUXekJgckENyTMZkQji5IL/JH/I3mAcXwffgx0Ya9Lqa5+RaBD//AXh+64k =</latexit><latexit sha1_base64="GC/DBWnZHpSA JHdGG8MIKqAD15s=">AAAC3XicdVFNbxMxEHWWj5bwlcKRAxYrJIQg2g2VyrGCHnoMEm kjZVeR1zubWvHaK9tbKVh77A1x5R9w4Qo/pv+G2WQPbUNHsvT85s2MPS+rpLAuii57wZ 279+7v7D7oP3z0+MnTwd6zE6trw2HCtdRmmjELUiiYOOEkTCsDrMwknGbLz23+9ByMF Vp9dasK0pItlCgEZw6p+eBlsgT31ieFYdx/aPyoebfB7+P20swHYTSM1kG3QdyBkHQxn u/1fiW55nUJynHJrJ3FUeVSz4wTXELTT2oLFeNLtoAZQsVKsKlf/6Shr5HJaaENHuXom r1a4Vlp7arMUFkyd2Zv5lryf7lZ7YqPqReqqh0ovhlU1JI6Tdu10FwY4E6uEDBuBL6V 8jOGi3C4vGtT2t7GFrbZYp3WsqWPAD9uYMywZ36E1pQCuySZYT6RTC1wCz4x6Iq7XYyu oHitQe2m6DbxtG2NBbNRenVAB8KYJnkrteIbJG1HGo6afh+djW/6uA1ORsM4GsZf9sPD T53Hu+QFeUXekJgckENyTMZkQji5IL/JH/I3mAcXwffgx0Ya9Lqa5+RaBD//AXh+64k =</latexit><latexit sha1_base64="GC/DBWnZHpSA JHdGG8MIKqAD15s=">AAAC3XicdVFNbxMxEHWWj5bwlcKRAxYrJIQg2g2VyrGCHnoMEm kjZVeR1zubWvHaK9tbKVh77A1x5R9w4Qo/pv+G2WQPbUNHsvT85s2MPS+rpLAuii57wZ 279+7v7D7oP3z0+MnTwd6zE6trw2HCtdRmmjELUiiYOOEkTCsDrMwknGbLz23+9ByMF Vp9dasK0pItlCgEZw6p+eBlsgT31ieFYdx/aPyoebfB7+P20swHYTSM1kG3QdyBkHQxn u/1fiW55nUJynHJrJ3FUeVSz4wTXELTT2oLFeNLtoAZQsVKsKlf/6Shr5HJaaENHuXom r1a4Vlp7arMUFkyd2Zv5lryf7lZ7YqPqReqqh0ovhlU1JI6Tdu10FwY4E6uEDBuBL6V 8jOGi3C4vGtT2t7GFrbZYp3WsqWPAD9uYMywZ36E1pQCuySZYT6RTC1wCz4x6Iq7XYyu oHitQe2m6DbxtG2NBbNRenVAB8KYJnkrteIbJG1HGo6afh+djW/6uA1ORsM4GsZf9sPD T53Hu+QFeUXekJgckENyTMZkQji5IL/JH/I3mAcXwffgx0Ya9Lqa5+RaBD//AXh+64k =</latexit><latexit sha1_base64="GC/DBWnZHpSA JHdGG8MIKqAD15s=">AAAC3XicdVFNbxMxEHWWj5bwlcKRAxYrJIQg2g2VyrGCHnoMEm kjZVeR1zubWvHaK9tbKVh77A1x5R9w4Qo/pv+G2WQPbUNHsvT85s2MPS+rpLAuii57wZ 279+7v7D7oP3z0+MnTwd6zE6trw2HCtdRmmjELUiiYOOEkTCsDrMwknGbLz23+9ByMF Vp9dasK0pItlCgEZw6p+eBlsgT31ieFYdx/aPyoebfB7+P20swHYTSM1kG3QdyBkHQxn u/1fiW55nUJynHJrJ3FUeVSz4wTXELTT2oLFeNLtoAZQsVKsKlf/6Shr5HJaaENHuXom r1a4Vlp7arMUFkyd2Zv5lryf7lZ7YqPqReqqh0ovhlU1JI6Tdu10FwY4E6uEDBuBL6V 8jOGi3C4vGtT2t7GFrbZYp3WsqWPAD9uYMywZ36E1pQCuySZYT6RTC1wCz4x6Iq7XYyu oHitQe2m6DbxtG2NBbNRenVAB8KYJnkrteIbJG1HGo6afh+djW/6uA1ORsM4GsZf9sPD T53Hu+QFeUXekJgckENyTMZkQji5IL/JH/I3mAcXwffgx0Ya9Lqa5+RaBD//AXh+64k =</latexit>
    32 ,  32
 
<latexit sha1_base64="9cYr8USQ4S4f LjxT3X6rB91z8G0=">AAAC3XicdVFNj9MwEHXD11K+unDkgEWEhBBUSUFajivYA8ci0d 1KdVQ5zqRr1XEi21mpWDnuDXHlH3DhCj+Gf8MkzWF3y45k6fnNmxl7XlopaV0U/R0EN2 7eun1n7+7w3v0HDx+N9h8f27I2AmaiVKWZp9yCkhpmTjoF88oAL1IFJ+n6Y5s/OQNjZ am/uE0FScFXWuZScIfUcvSMrcG98iw3XPi3jZ80r7f4TXdplqMwGkdd0F0Q9yAkfUyX+ 4OfLCtFXYB2QnFrF3FUucRz46RQ0AxZbaHiYs1XsECoeQE28d1PGvoCmYzmpcGjHe3Yi xWeF9ZuihSVBXen9mquJf+XW9Quf594qavagRbbQXmtqCtpuxaaSQPCqQ0CLozEt1Jx ynERDpd3aUrb29jcNjusK0vV0keAHzcw5dgzO0JrColdWGq4Z4rrFW7BM4OuuOvF6AqK Ow1qt0XXiedtayxYTJKLA3oQxpRlrdTKr8DajjScNMMhOhtf9XEXHE/GcTSOP78LDz/0 Hu+Rp+Q5eUlickAOyScyJTMiyDn5RX6TP8EyOA++Bd+30mDQ1zwhlyL48Q99OuuL</l atexit><latexit sha1_base64="9cYr8USQ4S4f LjxT3X6rB91z8G0=">AAAC3XicdVFNj9MwEHXD11K+unDkgEWEhBBUSUFajivYA8ci0d 1KdVQ5zqRr1XEi21mpWDnuDXHlH3DhCj+Gf8MkzWF3y45k6fnNmxl7XlopaV0U/R0EN2 7eun1n7+7w3v0HDx+N9h8f27I2AmaiVKWZp9yCkhpmTjoF88oAL1IFJ+n6Y5s/OQNjZ am/uE0FScFXWuZScIfUcvSMrcG98iw3XPi3jZ80r7f4TXdplqMwGkdd0F0Q9yAkfUyX+ 4OfLCtFXYB2QnFrF3FUucRz46RQ0AxZbaHiYs1XsECoeQE28d1PGvoCmYzmpcGjHe3Yi xWeF9ZuihSVBXen9mquJf+XW9Quf594qavagRbbQXmtqCtpuxaaSQPCqQ0CLozEt1Jx ynERDpd3aUrb29jcNjusK0vV0keAHzcw5dgzO0JrColdWGq4Z4rrFW7BM4OuuOvF6AqK Ow1qt0XXiedtayxYTJKLA3oQxpRlrdTKr8DajjScNMMhOhtf9XEXHE/GcTSOP78LDz/0 Hu+Rp+Q5eUlickAOyScyJTMiyDn5RX6TP8EyOA++Bd+30mDQ1zwhlyL48Q99OuuL</l atexit><latexit sha1_base64="9cYr8USQ4S4f LjxT3X6rB91z8G0=">AAAC3XicdVFNj9MwEHXD11K+unDkgEWEhBBUSUFajivYA8ci0d 1KdVQ5zqRr1XEi21mpWDnuDXHlH3DhCj+Gf8MkzWF3y45k6fnNmxl7XlopaV0U/R0EN2 7eun1n7+7w3v0HDx+N9h8f27I2AmaiVKWZp9yCkhpmTjoF88oAL1IFJ+n6Y5s/OQNjZ am/uE0FScFXWuZScIfUcvSMrcG98iw3XPi3jZ80r7f4TXdplqMwGkdd0F0Q9yAkfUyX+ 4OfLCtFXYB2QnFrF3FUucRz46RQ0AxZbaHiYs1XsECoeQE28d1PGvoCmYzmpcGjHe3Yi xWeF9ZuihSVBXen9mquJf+XW9Quf594qavagRbbQXmtqCtpuxaaSQPCqQ0CLozEt1Jx ynERDpd3aUrb29jcNjusK0vV0keAHzcw5dgzO0JrColdWGq4Z4rrFW7BM4OuuOvF6AqK Ow1qt0XXiedtayxYTJKLA3oQxpRlrdTKr8DajjScNMMhOhtf9XEXHE/GcTSOP78LDz/0 Hu+Rp+Q5eUlickAOyScyJTMiyDn5RX6TP8EyOA++Bd+30mDQ1zwhlyL48Q99OuuL</l atexit><latexit sha1_base64="9cYr8USQ4S4f LjxT3X6rB91z8G0=">AAAC3XicdVFNj9MwEHXD11K+unDkgEWEhBBUSUFajivYA8ci0d 1KdVQ5zqRr1XEi21mpWDnuDXHlH3DhCj+Gf8MkzWF3y45k6fnNmxl7XlopaV0U/R0EN2 7eun1n7+7w3v0HDx+N9h8f27I2AmaiVKWZp9yCkhpmTjoF88oAL1IFJ+n6Y5s/OQNjZ am/uE0FScFXWuZScIfUcvSMrcG98iw3XPi3jZ80r7f4TXdplqMwGkdd0F0Q9yAkfUyX+ 4OfLCtFXYB2QnFrF3FUucRz46RQ0AxZbaHiYs1XsECoeQE28d1PGvoCmYzmpcGjHe3Yi xWeF9ZuihSVBXen9mquJf+XW9Quf594qavagRbbQXmtqCtpuxaaSQPCqQ0CLozEt1Jx ynERDpd3aUrb29jcNjusK0vV0keAHzcw5dgzO0JrColdWGq4Z4rrFW7BM4OuuOvF6AqK Ow1qt0XXiedtayxYTJKLA3oQxpRlrdTKr8DajjScNMMhOhtf9XEXHE/GcTSOP78LDz/0 Hu+Rp+Q5eUlickAOyScyJTMiyDn5RX6TP8EyOA++Bd+30mDQ1zwhlyL48Q99OuuL</l atexit>
Sx
<latexit sha1_base64="wRU +cyD1Mv4a3wa/jAN5IheFGKY=">AAACv3icdVHLbtswEKTVV +q+kvaYC1GhQE+GZBRIj2mbQ48uEicGLDWgqJVCmCIFchXEFf wJvTZ/kH/q33Rl65DEzQIEBrOzs8vdrNbKYxT9HQSPHj95+m zn+fDFy1ev3+zuvT31tnESptJq62aZ8KCVgSkq1DCrHYgq03C WLb51+bNLcF5Zc4LLGtJKlEYVSgok6vj459X5bhiNonXwbRD 3IGR9TM73BjdJbmVTgUGphffzOKoxbYVDJTWshknjoRZyIUq YEzSiAp+261lX/AMxOS+so2eQr9nbFa2ovF9WGSkrgRf+fq4j /5ebN1h8Tltl6gbByE2jotEcLe8+znPlQKJeEhDSKZqVywvh hERaz50unbfzhV9tsWit7ugjoI87mAjyzI9o+ZUilyRzok20M CVtoU0c7R0fFi8ASbzWkHZT9JB41llTwXyc3m7QgzDmSd5Jv foFSefIw/FqOKTLxvfvuA1Ox6M4GsU/PoWHX/sb77B99p59ZD E7YIfsO5uwKZOsZL/ZH3YdfAnKwAT1RhoM+pp37E4Ey39S+N +2</latexit><latexit sha1_base64="wRU +cyD1Mv4a3wa/jAN5IheFGKY=">AAACv3icdVHLbtswEKTVV +q+kvaYC1GhQE+GZBRIj2mbQ48uEicGLDWgqJVCmCIFchXEFf wJvTZ/kH/q33Rl65DEzQIEBrOzs8vdrNbKYxT9HQSPHj95+m zn+fDFy1ev3+zuvT31tnESptJq62aZ8KCVgSkq1DCrHYgq03C WLb51+bNLcF5Zc4LLGtJKlEYVSgok6vj459X5bhiNonXwbRD 3IGR9TM73BjdJbmVTgUGphffzOKoxbYVDJTWshknjoRZyIUq YEzSiAp+261lX/AMxOS+so2eQr9nbFa2ovF9WGSkrgRf+fq4j /5ebN1h8Tltl6gbByE2jotEcLe8+znPlQKJeEhDSKZqVywvh hERaz50unbfzhV9tsWit7ugjoI87mAjyzI9o+ZUilyRzok20M CVtoU0c7R0fFi8ASbzWkHZT9JB41llTwXyc3m7QgzDmSd5Jv foFSefIw/FqOKTLxvfvuA1Ox6M4GsU/PoWHX/sb77B99p59ZD E7YIfsO5uwKZOsZL/ZH3YdfAnKwAT1RhoM+pp37E4Ey39S+N +2</latexit><latexit sha1_base64="wRU +cyD1Mv4a3wa/jAN5IheFGKY=">AAACv3icdVHLbtswEKTVV +q+kvaYC1GhQE+GZBRIj2mbQ48uEicGLDWgqJVCmCIFchXEFf wJvTZ/kH/q33Rl65DEzQIEBrOzs8vdrNbKYxT9HQSPHj95+m zn+fDFy1ev3+zuvT31tnESptJq62aZ8KCVgSkq1DCrHYgq03C WLb51+bNLcF5Zc4LLGtJKlEYVSgok6vj459X5bhiNonXwbRD 3IGR9TM73BjdJbmVTgUGphffzOKoxbYVDJTWshknjoRZyIUq YEzSiAp+261lX/AMxOS+so2eQr9nbFa2ovF9WGSkrgRf+fq4j /5ebN1h8Tltl6gbByE2jotEcLe8+znPlQKJeEhDSKZqVywvh hERaz50unbfzhV9tsWit7ugjoI87mAjyzI9o+ZUilyRzok20M CVtoU0c7R0fFi8ASbzWkHZT9JB41llTwXyc3m7QgzDmSd5Jv foFSefIw/FqOKTLxvfvuA1Ox6M4GsU/PoWHX/sb77B99p59ZD E7YIfsO5uwKZOsZL/ZH3YdfAnKwAT1RhoM+pp37E4Ey39S+N +2</latexit><latexit sha1_base64="wRU +cyD1Mv4a3wa/jAN5IheFGKY=">AAACv3icdVHLbtswEKTVV +q+kvaYC1GhQE+GZBRIj2mbQ48uEicGLDWgqJVCmCIFchXEFf wJvTZ/kH/q33Rl65DEzQIEBrOzs8vdrNbKYxT9HQSPHj95+m zn+fDFy1ev3+zuvT31tnESptJq62aZ8KCVgSkq1DCrHYgq03C WLb51+bNLcF5Zc4LLGtJKlEYVSgok6vj459X5bhiNonXwbRD 3IGR9TM73BjdJbmVTgUGphffzOKoxbYVDJTWshknjoRZyIUq YEzSiAp+261lX/AMxOS+so2eQr9nbFa2ovF9WGSkrgRf+fq4j /5ebN1h8Tltl6gbByE2jotEcLe8+znPlQKJeEhDSKZqVywvh hERaz50unbfzhV9tsWit7ugjoI87mAjyzI9o+ZUilyRzok20M CVtoU0c7R0fFi8ASbzWkHZT9JB41llTwXyc3m7QgzDmSd5Jv foFSefIw/FqOKTLxvfvuA1Ox6M4GsU/PoWHX/sb77B99p59ZD E7YIfsO5uwKZOsZL/ZH3YdfAnKwAT1RhoM+pp37E4Ey39S+N +2</latexit>
Sy
<latexit sha1_base64="brv YJOz3wijmOnEVJBxJo8OFtKQ=">AAACv3icdVFNb9NAEN2Yr xK+2nLkssJC4hTZERIcC+2hx6CSNlJsqvV67K6y3rV2x0jGyk /oFf4B/4l/wzjxoW3oSCs9vXnzZnYmq7XyGEV/R8GDh48eP9 l7On72/MXLV/sHh+feNk7CXFpt3SITHrQyMEeFGha1A1FlGi6 y1XGfv/gBzitrvmFbQ1qJ0qhCSYFEnZ19by/3w2gSbYLvgng AIRtidnkw+pPkVjYVGJRaeL+MoxrTTjhUUsN6nDQeaiFXooQ lQSMq8Gm3mXXN3xGT88I6egb5hr1Z0YnK+7bKSFkJvPJ3cz35 v9yyweJT2ilTNwhGbhsVjeZoef9xnisHEnVLQEinaFYur4QT Emk9t7r03s4Xfr3DorW6p0+APu5gJsgzP6HlV4pcksyJLtHCl LSFLnG0d7xfvAIk8UZD2m3RfeJFb00Fy2l6s8EAwpgneS/16 ickvSMPp+vxmC4b373jLjifTuJoEn/9EB59GW68x96wt+w9i9 lHdsRO2YzNmWQlu2a/2O/gc1AGJqi30mA01LxmtyJo/wFVUd +3</latexit><latexit sha1_base64="brv YJOz3wijmOnEVJBxJo8OFtKQ=">AAACv3icdVFNb9NAEN2Yr xK+2nLkssJC4hTZERIcC+2hx6CSNlJsqvV67K6y3rV2x0jGyk /oFf4B/4l/wzjxoW3oSCs9vXnzZnYmq7XyGEV/R8GDh48eP9 l7On72/MXLV/sHh+feNk7CXFpt3SITHrQyMEeFGha1A1FlGi6 y1XGfv/gBzitrvmFbQ1qJ0qhCSYFEnZ19by/3w2gSbYLvgng AIRtidnkw+pPkVjYVGJRaeL+MoxrTTjhUUsN6nDQeaiFXooQ lQSMq8Gm3mXXN3xGT88I6egb5hr1Z0YnK+7bKSFkJvPJ3cz35 v9yyweJT2ilTNwhGbhsVjeZoef9xnisHEnVLQEinaFYur4QT Emk9t7r03s4Xfr3DorW6p0+APu5gJsgzP6HlV4pcksyJLtHCl LSFLnG0d7xfvAIk8UZD2m3RfeJFb00Fy2l6s8EAwpgneS/16 ickvSMPp+vxmC4b373jLjifTuJoEn/9EB59GW68x96wt+w9i9 lHdsRO2YzNmWQlu2a/2O/gc1AGJqi30mA01LxmtyJo/wFVUd +3</latexit><latexit sha1_base64="brv YJOz3wijmOnEVJBxJo8OFtKQ=">AAACv3icdVFNb9NAEN2Yr xK+2nLkssJC4hTZERIcC+2hx6CSNlJsqvV67K6y3rV2x0jGyk /oFf4B/4l/wzjxoW3oSCs9vXnzZnYmq7XyGEV/R8GDh48eP9 l7On72/MXLV/sHh+feNk7CXFpt3SITHrQyMEeFGha1A1FlGi6 y1XGfv/gBzitrvmFbQ1qJ0qhCSYFEnZ19by/3w2gSbYLvgng AIRtidnkw+pPkVjYVGJRaeL+MoxrTTjhUUsN6nDQeaiFXooQ lQSMq8Gm3mXXN3xGT88I6egb5hr1Z0YnK+7bKSFkJvPJ3cz35 v9yyweJT2ilTNwhGbhsVjeZoef9xnisHEnVLQEinaFYur4QT Emk9t7r03s4Xfr3DorW6p0+APu5gJsgzP6HlV4pcksyJLtHCl LSFLnG0d7xfvAIk8UZD2m3RfeJFb00Fy2l6s8EAwpgneS/16 ickvSMPp+vxmC4b373jLjifTuJoEn/9EB59GW68x96wt+w9i9 lHdsRO2YzNmWQlu2a/2O/gc1AGJqi30mA01LxmtyJo/wFVUd +3</latexit><latexit sha1_base64="brv YJOz3wijmOnEVJBxJo8OFtKQ=">AAACv3icdVFNb9NAEN2Yr xK+2nLkssJC4hTZERIcC+2hx6CSNlJsqvV67K6y3rV2x0jGyk /oFf4B/4l/wzjxoW3oSCs9vXnzZnYmq7XyGEV/R8GDh48eP9 l7On72/MXLV/sHh+feNk7CXFpt3SITHrQyMEeFGha1A1FlGi6 y1XGfv/gBzitrvmFbQ1qJ0qhCSYFEnZ19by/3w2gSbYLvgng AIRtidnkw+pPkVjYVGJRaeL+MoxrTTjhUUsN6nDQeaiFXooQ lQSMq8Gm3mXXN3xGT88I6egb5hr1Z0YnK+7bKSFkJvPJ3cz35 v9yyweJT2ilTNwhGbhsVjeZoef9xnisHEnVLQEinaFYur4QT Emk9t7r03s4Xfr3DorW6p0+APu5gJsgzP6HlV4pcksyJLtHCl LSFLnG0d7xfvAIk8UZD2m3RfeJFb00Fy2l6s8EAwpgneS/16 ickvSMPp+vxmC4b373jLjifTuJoEn/9EB59GW68x96wt+w9i9 lHdsRO2YzNmWQlu2a/2O/gc1AGJqi30mA01LxmtyJo/wFVUd +3</latexit>
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(a) Two-channel Kondo Fixed Point (b) Novel Fixed Point
FIG. 1. Schematic picture of Kondo Hamiltonians tuned to
each of the fixed points, with conduction electron transitions
amongst different |j,mj〉 states via coupling to the multipolar
moments. (a) Two-channel Kondo fixed point, involving two
decoupled pairs of conduction electrons from j = 3/2 sector
(blue and purple). (b) Novel fixed point, involving two decou-
pled triplet of states from j = 1/2 and j = 3/2 conduction
electron levels (orange and green).
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12K2 = −2
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2
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6
. Fixed point I was found to have the same expo-
nents for physical properties from perturbative RG as the
two-channel Kondo model, while fixed point II possessed
highly singular scaling characterized by a leading irrele-
vant operator of dimension 1 + ∆, where ∆ = 1/4 is the
slope of β-function at the fixed point. We call this the
novel fixed point. The perturbative scaling can be eas-
ily understood by rewriting the beta-function from Ref.
33 in terms of a single coupling constant, gk, by fixing
the ratios of the original K1,2,3 couplings as that at the
fixed point of interest. For fixed point II, we can define
K1 = − 12√6gk, K2 = − 112√2gk, K3 = − 14√3gk, such that
when gk → 1, we arrive at the fixed point II. This leads
to the β-function,
dgk
d lnD
= −g
2
k
4
+
g2k
4
(5)
where D is the UV cutoff. The fixed point is located at
g∗k = 1, and the slope of the beta-function at the fixed
point is ∆ = 1/4. Indeed this ∆ appears in the lead-
ing specific heat and resistivity scaling exponents, as was
found in the original RG calculation in Ref. 33.
III. SPIN-ORBIT COUPLED BASIS FOR
CONDUCTION ELECTRONS
Though the cubic harmonics enables the symmetry na-
ture of the coupling to be easily verified, it does not give
immediate indication as to the underlying nature of the
fixed points. In order to shed light on this, we con-
sider double change of basis: (i) from cubic harmonics
to spherical harmonics, and then to (ii) spin-orbit cou-
pled basis by implementation of Clebsch-Gordon angular
momentum addition. The change of bases are delineated
in Appendix A. The above Kondo couplings can be re-
captured into the form,
Htot =
(
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)[
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where we use ket (bra) notation of |j,mj〉 (〈j′,mj′ |) to
denote conduction electron creation c†j,mj (annihilation
cj′,mj′ ) operators of total angular momentum j (j
′) and
and z-projection mj (mj′); the impurity site-location
(x = 0) is dropped for brevity. Equation 6 sheds a re-
markable insight into the nature of the perturbative fixed
points.
A. Two-channel Kondo fixed point
First, we consider tuning of the coupling constants to
fixed point I. The second term in Eq. 6 vanishes and
the remaining collection of coupling constants become(
−K1√
3
+ 2K2
)
→ 1/2 and (√3K3) → 1/2. The remain-
ing terms only involve the four j = 3/2 states, which
decouple to into two independent (time-reversal related)
4doublets. Defining pseudospin-1/2 operators τx,y,zA and
τx,y,zB for each of the decoupled doublets (Fig. 1(a): blue
and purple levels, respectively), Eq. 6 can be rewritten
as,
Htot = S
x (τxA + τ
x
B)− Sy (τzA + τzB) + Sz (τyA + τyB) , (7)
where we present the form of the ~τA,B operators in Ap-
pendix B. This is precisely the form of the conventional
two-channel Kondo model at its fixed point, and thus
confirms our perturbative determination that fixed point
I has two-channel non-Fermi liquid behaviour.
B. Novel fixed point
Tuning the coupling constants to the novel fixed
point (II), the first term in Eq. 6 vanishes and
the remaining collection of coupling constants become(√
2K1√
3
+
√
2K2
)
→ −1/4 and (√3K3) → −1/4. In-
terestingly, the remaining terms do not belong to a sin-
gle j manifold, but involve terms from both j = 3/2
and j = 1/2. This is unlike the above two-channel
model, which only involved conduction j = 3/2 states.
The terms can be organized into two decoupled triplet
of states: and (i)
{∣∣ 3
2 ,
3
2
〉
,
∣∣ 3
2 ,
−1
2
〉
,
∣∣ 1
2 ,
−1
2
〉}
and (ii){∣∣ 3
2 ,
1
2
〉
,
∣∣ 3
2 ,
−3
2
〉
,
∣∣ 1
2 ,
1
2
〉}
, where we again use the notation
of |j,mj〉. Performing another unitary rotation about the∣∣ 1
2 ,
−1
2
〉
axis in the (ii) space, reduces the Kondo coupling
into the following elegant form,
Hk =
∑
m=1,2
~ψ†m(0)
[
Sx
2
λ4
2
+
Sy
2
λ6
2
+
Sz
2
λ2
2
]
~ψm(0) (8)
where λa are the SU(3) Gell-Mann matri-
ces, m labels the two decoupled bases i.e.
(i) ~ψ†m=1 =
(
−c†3
2 ,
3
2
,−c†3
2 ,
−1
2
, c†1
2 ,
−1
2
)
and (ii)
~ψ†m=2 =
(
c†3
2 ,− 32
, c†3
2 ,
1
2
, c†1
2 ,
1
2
)
, where the negative
signs indicate the aforementioned final unitary trans-
formation. Equation 8 can be schematically visualized
in Fig. 1(b). Before examining the nature of this fixed
point in detail, we first consider the justification of its
existence from a strong-coupling limit analysis.
IV. INSTABILITY OF STRONG
COUPLING LIMIT
The strong-coupling limit provides a consistency ratio-
nale for the existence of the perturbatively obtained fixed
point. In the strong-coupling limit, the kinetic term can
be ignored, and the problem reduces to determining the
degeneracy of the ground state at the impurity site. If the
ground state is non-degenerate, this indicates the local
moment has been quenched and no further Kondo effects
can occur. In the original Kondo model, this is the out-
come, which is in agreement with the picture of a forma-
tion of a Kondo singlet. If, on the other hand, the ground
state is degenerate, this indicates that even at strong cou-
pling there is still enough ‘freedom’ at the impurity site
to participate in further Kondo scattering events with
conduction electrons. This degeneracy thus indicates the
instability of the strongly coupled fixed point, and in-
dicates a renormalization group flow away from it and
towards an intermediate fixed point [47].
Focussing on the novel fixed point (II), the strong cou-
pling limit results in a four-fold degenerate ground state
(Appendix C). This four-fold ground state degeneracy
is larger than the two-fold degeneracy one obtains from
the two-channel Kondo model, which underlines the in-
creased quantum nature of the novel fixed point. In-
deed, even with the introduction of perturbations to the
strongly-coupled Hamiltonian (such as conduction tun-
nelling processes to/from the impurity), the ground state
retains (at least partially) its degeneracy. Thus, even
with perturbations the strongly coupled fixed point re-
tains sufficient degrees of freedom to scatter with con-
duction electrons and drive the system away from the
strongly coupled fixed point, and towards an intermedi-
ate fixed point.
V. CURRENT ALGEBRA APPROACH TO
NOVEL FIXED POINT
In the same spirit as the original Kondo problem (and
even rare-earth impurity systems [31]), we consider ra-
dial (s-wave) scattering events, which allows the three-
dimensional free-fermion model to be mapped to a chiral
one-dimensional problem [16],
H0 =
∫ ∞
−∞
dx
∑
β=1,2,3;p=1,2
ψ†L,β,p(x)(i∂x)ψL,β,p(x) (9)
where x is the radial coordinate, ψL,β,j denotes a left-
moving fermionic field with SU(3) triplet-space label β,
p channel index, and vF the Fermi velocity is set to 1. For
p = 1 and p = 2, β sums over the respective triplet sub-
space (i) and (ii), described in Sec. III B. For definiteness,
we consider the left-moving electrons as living on a circle
of length 2l, with the antiperiodic boundary conditions
ψL(−l) = −ψL(l). In momentum space, this constrains
the allowed wavevectors to be k = pil (n + 1/2), where
n ∈ Z ≥ 0. The one-dimensionality of the problem natu-
rally encourages one to bosonize the free-fermion theory
of 2×3 different flavours of fermions, where each fermion
flavour carries its own U(1) charge, Qi, such that the to-
tal charge Q =
∑6
i=1Qi. Rewriting Eq. 9 in terms of a
U(1) and SU(2×3)1 = SU(6)1 bosonic currents constrains
the allowed values of highest state (p) of the SU(6)1 to
be equal to the total U(1) charge Q i.e. Q = p(mod 6)
[17]. We note that the subscript denotes the level of the
Kac-Moody (KM) algebra.
However, examining both kinetic term and Kondo cou-
pling suggests that the entire theory may be rewritten in
terms independent charge, SU(3) flavour and SU(2) spin
5degrees of freedom. We define the following left-moving
non-Abelian currents in terms of the complex space-time
variable z ≡ τ + ix,
J(z) =
∑
β={1,2,3}
p={1,2}
: ψ†L,β,pψL,β,p : (z) (10)
Ja(z) =
∑
α,β={1,2,3}
p={1,2}
: ψ†L,α,p
(
λaαβ
2
)
ψL,β,p : (z) (11)
JA(z) =
∑
β={1,2,3}
p,q={1,2}
: ψ†L,β,p
(
σApq
2
)
ψL,β,q : (z) (12)
where the three currents in Eq. 10, 11, 12 denote the
U(1) charge, SU(3) Gell-Mann, and SU(2) spin bosonic
currents, respectively, a = {1, 2, ...8} sums over the eight
SU(3) (Gell-Mann) generators and A = {x, y, z} sums
over the three SU(2) (Pauli) generators, and“: . . . :”
refers to normal ordering by point splitting i.e. : ψ†ψ :
(z) ≡ limδ→0
[
ψ†(z − iδ)ψ(z)− 〈ψ†(z − iδ)ψ(z)〉]. In ef-
fect, bosonizing the theory with these non-abelian cur-
rents amounts to the decomposition of the irreps of the
su(6)1 in terms of irreps of su(3)2×su(2)3. This decom-
position (also known as conformal embedding [17, 36])
preserves the central charge, and importantly allows a re-
lationship to be established between the U(1) charge (Q)
and the irrep labels for su(3)2 and su(2)3. We present the
conformal branching rules of su(3)2⊕ su(2)3 ⊂ su(6)1 in
Appendix F.
These bosonic currents satisfy the following respective
KM Algebra, which can be obtained (Appendix D) from
the mode expansions of the operator product expansions
(OPEs),
[Jn, Jm] = 6δn+m (13)[
Jan , J
b
m
]
= ifabcJcn+m +
2
2
nδabδn+m (14)[
JAn , J
B
m
]
= iABCJCn+m +
3
2
nδABδn+m (15)
where we introduce the modes from the Laurent expan-
sion Ja(z) =
∑
n∈Z z
−n−1Jan etc., and f
abc and ABC
are the structure constants of the su(3) and su(2) Lie al-
gebras respectively. We note that the normalization of
the highest root is set to 1 (the canonical convention) to
compute the above KM algebra. As seen, the SU(3) Gell-
Mann and SU(2) spin currents satisfy su(3)2 and su(2)3
KM algebra, respectively. Using these bosonic currents,
the kinetic term can thus be recaptured in the following
Sugawara form,
H0 =
1
12
: JJ : (z) +
1
5
: JaJa : (z) +
1
5
: JAJA : (z).
(16)
The free-fermion theory is a U(1)×SU(3)2×SU(2)3 KM
invariant conformal field theory. The Kondo coupling of
Eq. 8 can also be rewritten in terms of these bosonic
currents,
HK = gk
(
J4(z)
Sx
2
+ J6(z)
Sy
2
+ J2(z)
Sz
2
)
(17)
where we tune the ratio of the couplings such that the
perturbative fixed point is reached at g∗k = 1.
The Sugawara form suggests that we may ‘complete
the square’ and absorb the Kondo coupling into the
free Hamiltonian (with the addition of a trivial energy
constant) by redefining a ‘shifted’ bosonic current. Of
course, this can only be done for certain special values
of the Kondo coupling constant, gk. In our case, when
gck = 2/5, S
x,y,z/2 can be ‘absorbed’ into their respective
J4,6,2 currents to give the Sugawara form,
H0 +HK =
1
12
: JJ : (z) +
1
5
: J aJ a : (z)
+
1
5
: JAJA : (z), (18)
where J 4 ≡ J4 + Sx2 , J 6 ≡ J6 + S
y
2 , J 2 ≡ J2 + S
z
2 ,
and the remaining currents are unaffected i.e. J a = Ja
for a 6= {2, 4, 6} etc. Importantly, these ‘absorbed’ SU(3)
Gell-Mann currents satisfy the same su(3)2 KM algebra.
In the same spirit as Affleck and Ludwig [23], we interpret
Eq. 18 as the effective Hamiltonian and gck = 2/(k+3) =
2/5 as the coupling constant at the infrared (IR) fixed
point. In that sense, both UV (gk = 0) and IR (g
c
k = 2/5)
have the same U(1)×SU(3)2×SU(2)3 symmetry. Finally,
we notice that the IR coupling constant gck reduces to the
the perturbative fixed point g∗k in the limit of large k and
then setting k → 2.
Interestingly, only select SU(3) generators have ab-
sorbed the SU(2) impurity, and one may notice that the
absorbed impurity comes with a factor of 1/2. This 1/2
factor is the crucial difference in this model, as it relates
the {2-4-6} subalgebra of su(3) to the su(2) algebra which
have structure constants of f246 = 1/2 and xyz = 1, re-
spectively. The inclusion of the 1/2 factor makes it pos-
sible to reimagine both the {2-4-6} subalgebra and S/2
as belonging to different irreducible representations of a
‘1/4-quantized’ su(2) Lie algebra.
VI. 1/4-QUANTIZED SU(2) LIE ALGEBRA
To understand this algebra, we define the generators of
the algebra as T2,4,6 such that they satisfy [T2, T4] =
i
2T6,
in any representation. Drawing an analogy to typical
su(2), T6 is analogous to σ
z/2, and so we define the
highest T6 state |j˜〉 such that T6|j˜〉 = j˜|j˜〉. In addition,
we define raising/lowering operators T±, which raise and
lower the T6 eigenvalue by ±1/2 (as shown in Appendix
E). In the same spirit as su(2), the existence of a ‘lowest’
state constrains the allowed values of j˜ to be j˜ = `/4,
where ` ∈ R; we refer to j˜ as ‘physical-spin’ labels. In
the more formal language of Lie algebras, the ‘physical-
spin’ label is related to the Dynkin labels, j˜ = λ˜1/4 (as
6shown in Appendix E). The j˜ = 1/4 representation is a
two-dimensional representation with T2 =
σx
4 , T4 =
σy
4 ,
T6 =
σz
4 , which is precisely S/2. The j˜ = 1/2 representa-
tion is a three-dimensional representation with T2 =
λ2
2 ,
T4 =
λ4
2 , T6 =
λ6
2 (this representation is used, up to uni-
tary transformation, in the Kondo coupling). Finally,
the quadratic Casimir for a given j˜ representation is
Q = j˜(j˜ + 1/2)I.
To understand the relation of the subalgebra to the
typical su(2) Lie algebra, we impose a generic normal-
ization condition by fixing the length of the longest root
|α21| = η/4, where η ∈ R > 0 is a chosen normaliza-
tion convention. Since the roots are the weights of the
adjoint representation, the introduction of the η normal-
ization factor amounts to modification of the structure
constants, and subsequently a redefinition of the gener-
ators. In particular, the redefined generators of su(3),
T i ≡ √ηTi, satisfy the Lie algebra [T i, T j ] = √ηfkijT k,
where Ti and f
k
ij are the canonically normalized genera-
tors and structure constants of su(3) used in constructing
the Sugawara form. This redefinition of the generators,
results in a modification of the OPE of su(3) currents,
J
a
(z1)J
b
(z2) ∼ 1
(z12)2
k˜δab +
1
z12
i
√
ηfabcJ
c
(19)
where k˜ ≡ ηk2 and z12 ≡ z1 − z2, and the overline indi-
cates current operators redefined to obey the generalized
normalization. We note that k = 2 always. We can now
notice that for different choices of the normalization we
can map the subalgebra to ‘more familiar’ (canonically
normalized) Lie algebras. In the original η = 1 conven-
tion, we have the canonically normalized {2-4-6} subal-
gebra of su(3). For η = 4, the subalgebra gets mapped
to the canonically normalized su(2) Lie algebra. We can
thus see that for particular choice of the normalization,
we have a one-to-one correspondence between the origi-
nal {2-4-6} subalgebra and su(2).
With this generalized-normalization formulation, the
affine extension of the subalgebra can thus be easily con-
structed in analogous methods to the conventional su(2)
case. Due to the embedding of the {2-4-6} subalgebra
in the larger affine su(3)2 algebra, the level of the em-
bedded subalgebra is given by 8k˜n = 4k. This embedded
level restricts the highest physical-spin state to be j˜ ≤ k.
As a consequence, the fusion coefficients can be similarly
constructed and are of the form,
j˜1 ⊗ j˜2 =
⊕
j˜3
N (4k)
j˜1,j˜2
j˜3 (20)
where
N (4k)
j˜1,j˜2
j˜3 =
{
1, if |j˜1 − j˜2| ≤ j˜3 ≤ min(j˜1 + j˜2, 2(4k)4 − j˜1 − j˜2)
0, otherwise
(21)
where we return back to the normalization of η = 1.
VII. MAVERICK COSET CONSTRUCTION:
3-STATE POTTS MODEL
The full Hilbert space of the free electron model in-
volves, U(1) charge, SU(3)2 flavour, and SU(2)3 spin de-
grees of freedom. The symmetry group of the flavour
degree of freedom is governed by G = SU(3)2, and in-
volves currents JaG ; the subscript G is to explicitly re-
call that these currents belong to the complete SU(3)2
group. However, as seen in Eq. 17, only a select number
of the SU(3)2 bosonic currents couple to the local mo-
ment; we denote this subgroup H ∈ G, with currents JaH
that belong to the {2-4-6} sector. We can now construct
stress-energy tensors belonging to each of the groups,
TG(z) =
1/2
k˜ + CA,G/2
8∑
a=1
: JaG(z)J
a
G(z) : (22)
TH(z) =
1/2
k˜ + CA,H/2
3∑
a=1
: JaH(z)J
a
H(z) : (23)
where k˜ = ηk/2 just as before, and CA are the quadratic
Casimirs of the adjoint representation of the respective
groups i.e. CA,G = 3η and CA,H = η/2. The conformal
weight/dimension of the primary states of a representa-
tion j˜ of H is given by,
hj˜ =
Cj˜/2
k˜ + CA,H/2
=
η
2 j˜(j˜ + 1/2)
ηk
2 +
η
4
=
j˜(j˜ + 1/2)
k + 1/2
, (24)
where in the final quality, we notice that normalization
dependency of the quadratic Casimirs and k˜ drop out
in the conformal weight/dimension. Though the confor-
mal weight is independent of the normalization, we no-
tice that for η = 4 (the normalization condition to map
the {2-4-6} subalgebra to canonical su(2)) the conformal
weight of the primary states is identical to that of su(2)8,
as expected.
The procedure of breaking up the stress-energy tensors
is attractive. This is because, though the currents TG(z)
and TH(z) have singular contributions in their OPE with
JaH individually, the OPE of TG/H ≡ TG − TH with JaH
is non-singular, and subsequently so is the OPE of TG/H
with all of TH [48]. As such, the Virasoro algebra gener-
ated by TG can be decomposed into two mutually com-
muting Virasoro algebras, [TG/H, TH] = 0. This formula-
tion, known as a coset construction, permits the efficient
‘breaking up’ of a larger group into smaller subgroups.
To understand the nature of the coset, G/H, we consider
its central charge,
cG/H = cG − cH = k˜ dim |G|
k˜ + CA,G/2
− k˜ dim |H|
k˜ + CA,H/2
=
4
5
(25)
where dim |G| = 8 and dim |H| = 3. The central charge
is independent of the normalization convention, as can
be easily seen by both k˜ and CA scaling linearly in η.
7The central charge of 4/5 corresponds to the three-state
Potts model, in addition to the minimal M(6, 5) model.
Inspired by the normalization of η = 4 resulting in map-
ping the {2-4-6} subalgebra to the canonically normal-
ized su(2) algebra of level 4k = 8, we consider this coset
model to be described by the maverick coset formulation
su(3)2/su(2)8 [49, 50].
Employing this coset formulation, the IR Hamiltonian
in Eq. 18 can be reimagined as a U(1) × (3-state Potts
model) × S˜U(2)8 × SU(2)3 KM invariant conformal field
theory; the ∼ overline denotes 1/4-quantization of the
su(2)8 KM algebra. In order to make this association,
it requires the so-called branching functions which act as
“gluing” conditions to describe which irreps of the parent
su(3)2 are associated with which primary field of the 3-
state Potts model and which irrep of su(2)8. We list the
branching functions of this maverick coset model and the
field associations in Appendix G. We highlight that only
four of the (3-state Potts model) primary fields enter into
our identifications: “identity” field (I), thermal operator
field (), spin operator field (σ), and Z field with cor-
responding conformal weight/dimension of 0, 2/5, 1/15,
and 2/3, respectively.
VIII. FINITE SIZE SPECTRUM
The above formulated theory is appropriately prepared
for the application of boundary conformal field theory (B-
CFT) of Cardy [37, 38] and an extension of the approach
as applied by Affleck and Ludwig [16, 23]. The essence
of Cardy’s B-CFT [37, 38] is that it avoids handling of
complicated boundary conditions, and instead focuses on
boundary states. These boundary states are related to
the “gluing” coefficients nαAB which determine the spec-
trum of excitations for particular boundary conditions.
In our context, α = (Q, jf , [3-state Potts model field], j˜),
where each label denotes the highest state of the re-
spective algebra; and the non-trivial boundary condition
(B) is due to having a single multipolar impurity at the
origin. The corresponding non-trivial boundary states
can be obtained from known (free-fermion, A) boundary
states by the elegant “fusion rule” hypothesis of Affleck
and Ludwig [16, 23], whereby the fusion coefficients of
Eq. 20 relate the “gluing” coefficients of different bound-
ary conditions. Since, the impurity only couples to the
s˜u(2)8 irreps (j˜ quantum number), the fusion is per-
formed within the s˜u(2)8 sector only, leaving the other
irrep labels unchanged i.e. nj˜AB =
∑
j˜ N j˜j˜2,j˜In
j˜2
AA, where
we take j˜I = 1/4 as the impurity spin belongs to the
j˜ = 1/4 representation.
One of the key features of B-CFT is the existence of
boundary operators with non-trivial conformal dimen-
sions. These operators give rise to singular contributions
to the free energy, and subsequently to the various re-
sponse functions of interest. Under the conformal map-
ping of a semi-infinite plane (x− t half plane) with par-
Q, U(1) jf , SU(2)3 [3-state Potts model] j˜, S˜U(2)8
(
L
pi
)
Etot
0 0 I 0 0
1 1
2
σ 1
2
1
2
0 1 I 1 1
0 1  1
2
1
2 0 σ 1 1
2 0 Z 0 1
2 1 σ 1
2
1
...
...
...
...
...
TABLE I. Free-fermion tower with anti-periodic boundary
conditions at x = l. The employed primary fields of the 3-
state Potts model are I, , σ, and Z. We note that we only
consider the primary states here, and present states with en-
ergies Etot ≤ pi/l; the remaining primary states are given in
Appendix H.
ticular choice of boundary conditions to a finite strip,
the primary boundary operators with boundary condi-
tion B on the plane are in a one-to-one correspondence
to the states of the finite-strip with boundary conditions
BB (both ends of strip) [23]. Most importantly, the en-
ergies of the states in the finite-strip conformal tower
are the scaling dimensions of the boundary operators. In
our context, this amounts to considering the free-fermion
tower, and performing a double fusion so as to obtain the
appropriate scaling dimensions of the boundary opera-
tors. Indeed it is the lowest-lying state (after the double
fusion) that corresponds to leading irrelevant boundary
operator.
Employing the conformal embedding (which relates the
the U(1) charge, Q, to the irreps of flavour, su(3)2, and
spin, su(2)3) and the coset branching rules (which relates
the irreps of su(3)2 to the coset fields and s˜u(2)8 irreps),
the energy of a primary state is given,
Etot =
pi
l
[Q2
12
+
jf (jf + 1)
3 + 2
+ hcoset +
j˜(j˜ + 1)
2 + 1/2
]
, (26)
where hcoset is the scaling dimension of the coset primary
field (Appendix G), jf labels the irrep of su(2)3 flavour
degree of freedom, j˜ denotes the 1/4-quantized su(2)8
degree of freedom. Table I lists the finite-size energy
spectrum for the free-fermion states, as given by Eq. 26.
The impact of the multipolar impurity is accounted
for by the double fusion (nj˜BB =
∑
j˜2,j˜3
N j˜
j˜2,j˜I
N j˜2
j˜3,j˜I
nj˜3AA)
with the free-fermion j˜ states to yield the conformal
tower in Table II. Under the double fusion, the “spin”
j˜ label changes to: 0 → 0, 12 ; 12 → 0, 12 , 1, 1 → 12 , 1, 32 ,
etc. We emphasize that only the ‘re-shuffling’ of the 1/4-
quantized su(2)8 states takes place, with the irreps of the
other degrees of freedom remaining unaffected. The low-
est non-zero energy state corresponds to a primary state
that is chargeless (Q = 0), flavourless (jf = 0), coset-
trivial (I), and of 1/4-quantized “spin” j˜ = 1/2. The
8Q, U(1) jf , SU(2)3 [3-state Potts model] j˜, S˜U(2)8
(
L
pi
)
Etot
0 0 I 0 0
0 0 I 1
2
1
5
1 1
2
σ 0 3
10
1 1
2
σ 1
2
1
2
0 1 I 1
2
3
5
2 0 σ 1
2
3
5
0 1  0 4
5
2 1 σ 0 4
5
1 1
2
σ 1 9
10
0 1 I 1 1
0 1  1
2
1
2 0 Z 0 1
2 0 σ 1 1
2 1 σ 1
2
1
...
...
...
...
...
TABLE II. Primary operator content after double fusion of
free-fermion tower in Table I with multipolar impurity at x =
0 and x = l. The employed primary fields of the 3-state Potts
model are I, , σ, and Z. Only the primary states of energies
Etot ≤ pi/l are listed here; the remaining states are given in
Appendix H.
scaling dimension of the corresponding boundary opera-
tor, ~φ, is ∆ = 1/5.
Any operator that enters into the fixed point Hamil-
tonian must preserve the symmetry the U(1) × [3-state
Potts model] × S˜U(2)8 × SU(2)3 KM invariance of the
conformal field theory. On physical grounds, we also ex-
pect that the leading irrelevant operator will involve the
primary “spin” field ~φ, as the Kondo coupling occurs be-
tween the multipolar impurity and the conduction elec-
trons occurs in the 1/4-quantized “spin” sector. In order
to meet the symmetry requirement, we can simply con-
sider the application of a KM current density operator,
J an<0, which generates descendent states/operators when
acted upon a primary state/operator. Thus, the candi-
date for the leading irrelevant operator (that obeys the
KM symmetry) is the first-descendent operator, ~J−1 · ~φ,
which is explicitly a “spin-less” object (as it is a scalar
product of two “spin” operators j˜ = 1/2), and has a scal-
ing dimension of 1 + ∆. As detailed by Affleck and Lud-
wig [16], the leading irrelevant operator plays a central
role in determining the scaling behaviour of the response
functions. In particular, the specific heat coefficient is
given by C/T ∼ T−1+2∆ = T−3/5 and the resistivity
ρ ∼ T∆ = T 1/5.
IX. DISCUSSIONS
In this work, we elucidated the nature of the novel non-
Fermi liquid fixed point in the multipolar Kondo prob-
lem by employing non-abelian bosonization, current al-
gebra, and boundary conformal field theory approaches.
A crucial finding of our work is that the most natural lan-
guage to express the multipolar Kondo couplings is in the
spin-orbital entangled |j,mj〉 basis. This suggests that
though conduction electrons may have spin and orbital
quantum numbers to begin with, their interaction with
a single multipolar multipolar forces the two decoupled
degrees of freedom to become intertwined. This provides
a route to controllably introduce spin-orbital entangling
in a metallic system with the incorporation of multipolar
impurities.
From the finite-size spectrum, the scaling behaviour
of experimentally relevant quantities associated with the
fixed point are obtained non-perturbatively; in particu-
lar, the specific heat coefficient C/T ∼ T−1+2∆ = T−3/5
and the resistivity ρ ∼ T∆ = T 1/5. The highly singular
nature of the response functions concretely establishes
the non-Fermi liquid nature of the novel fixed point. We
emphasize that though the scaling behaviour of the lead-
ing irrelevant operator looks the same as in the 8-channel
dipolar Kondo model, the nature of the fixed point is dif-
ferent due to the other conformal sectors. More specifi-
cally, the complete finite size spectrum is distinct in the
novel fixed point, which can be tested by future numeri-
cal renormalization group computations.
The solvable problem tackled in this work provides the
foundation for a diverse variety of Kondo effects and non-
Fermi liquids. In particular, though our work is moti-
vated by the Pr(Ti,V)2Al20 family and as such focuses
on O20, O22 quadrupolar and Txyz octupolar local mo-
ments, this is just one out of a myriad of possibilities. In-
deed, there are examples of other 4f [51–54] and 5f [55–
59] electrons subjected to a non-cubic crystalline electric
fields, which gives rise to different possible combinations
of supported multipolar moments. In addition, conduc-
tion electrons may arrive with their own diversity in their
orbital degrees of freedom being beyond the cubic p con-
sidered in this work [60]. The combination of these two
sources of diversity suggests that many different Kondo
effects may occur, which could lead to a multitude of
non-Fermi liquid behaviours. This study thus opens a
new route and territory for achieving and studying ex-
otic Kondo effects and novel non-Fermi liquids.
In terms of future work, a thorough classification of the
possible non-Fermi liquids that may occur in multipolar
based compounds would be an intriguing and impactful
study. As well, the extension of the single-impurity prob-
lem to the corresponding multipolar Kondo lattice prob-
lem [61, 62] and associated quantum critical phenomena
are outstanding questions of future research.
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Appendix A: Cubic harmonics to spin-orbital
entangled basis
In order to rewrite the Kondo coupling in terms of
spin-orbital entangled j,mj basis, we need to perform a
double change of basis. Firstly, the cubic harmonics are
rewritten in terms of L = 1 orbital angular momentum
degrees of freedom,
|px〉 = 1√
2
(
|1,−1〉 − |1, 1〉
)
L
(A1)
|py〉 = i√
2
(
|1,−1〉+ |1, 1〉
)
L
(A2)
|pz〉 = |1, 0〉L (A3)
where we use the basis |L,mL〉 for the angular momen-
tum orbital degrees of freedom (the subscript L is a per-
petual remainder). Secondly, the spin and orbital degrees
of freedom are entangled by angular-momentum addition
via Clebsch Gordon coefficients,
∣∣∣∣1, 1; 12 , ↑
〉
=
∣∣∣∣32 , 32
〉
J∣∣∣∣1, 1; 12 , ↓
〉
=
1√
3
(∣∣∣∣32 , 12
〉
J
+
√
2
∣∣∣∣12 , 12
〉
J
)
∣∣∣∣1, 0; 12 , ↑
〉
=
1√
3
(√
2
∣∣∣∣32 , 12
〉
J
−
∣∣∣∣12 , 12
〉
J
)
∣∣∣∣1, 0; 12 , ↓
〉
=
1√
3
(√
2
∣∣∣∣32 , −12
〉
J
+
∣∣∣∣12 , −12
〉
J
)
∣∣∣∣1,−1; 12 , ↑
〉
=
1√
3
(∣∣∣∣32 , −12
〉
J
−
√
2
∣∣∣∣12 , −12
〉
J
)
∣∣∣∣1,−1; 12 , ↓
〉
=
∣∣∣∣32 , −32
〉
J
(A4)
where on the left-hand-side of the equality, we use the
notation of |L,mL; s, sz〉, where s is the conduction elec-
tron spin degree of freedom; on the right-hand-side of the
equality we use the notation for the spin-orbital entan-
gled basis |J,mJ〉J , where the subscript is a perpetual
remainder of the J basis. In the main text, we drop this
subscript as the additional clarification is not required.
Appendix B: Basis for two-channel Kondo fixed
point
Tuning the couplings to fixed point I, only the j = 3/2
conduction electron states survive. The two decoupled
pseudospin-1/2 operators in the
∣∣ 3
2 ,mj
〉
space are,
τxA =
1
2
∣∣∣∣32 , 32
〉〈
3
2
,−1
2
∣∣∣∣+ 12
∣∣∣∣32 ,−12
〉〈
3
2
,
3
2
∣∣∣∣,
τyA =
−i
2
∣∣∣∣32 ,−12
〉〈
3
2
,
3
2
∣∣∣∣+ i2
∣∣∣∣32 , 32
〉〈
3
2
,−1
2
∣∣∣∣,
τzA =
1
2
∣∣∣∣32 ,−12
〉〈
3
2
,−1
2
∣∣∣∣− 12
∣∣∣∣32 , 32
〉〈
3
2
,
3
2
∣∣∣∣,
(B1)
and its partner τx,y,zB : τ
x,y,z
A |mj→−mj ,
τxB =
1
2
∣∣∣∣32 ,−32
〉〈
3
2
,
1
2
∣∣∣∣+ 12
∣∣∣∣32 , 12
〉〈
3
2
,−3
2
∣∣∣∣,
τyB =
−i
2
∣∣∣∣32 , 12
〉〈
3
2
,−3
2
∣∣∣∣+ i2
∣∣∣∣32 ,−32
〉〈
3
2
,
1
2
∣∣∣∣,
τzB =
1
2
∣∣∣∣32 , 12
〉〈
3
2
,
1
2
∣∣∣∣− 12
∣∣∣∣32 ,−32
〉〈
3
2
,−3
2
∣∣∣∣.
(B2)
Appendix C: Degeneracy of strongly-coupled fixed
point
The strong-coupling limit provides a means to verify
the consistency of the existence of the perturbatively ob-
tained fixed point. In the case of a single coupling con-
stant of the original isotropic Kondo problem, this limit
is unique. However, in the case of multiple couplings (as
in our model), there is an inherent ambiguity as each
of the coupling constants can be taken to infinity inde-
pendently. To circumvent this issue, we take the reason-
able and elegant approach of Nozieres and Blandin [47],
where one takes each of the couplings to infinity while
fixing their ratio to be that at the fixed point. This is
the simplest extension of the strong-coupling limit of the
isotropic Kondo model, while at the same time account-
ing for the properties of the non-trivial fixed point by
fixing the ratio.
The ground state of the strongly-coupled novel fixed
point is four-fold degenerate,
|GS1〉 = 1√
3
[
|↑〉f
∣∣∣∣12 , −12
〉
+ |↓〉f
(∣∣∣∣32 , 32
〉
+ i
∣∣∣∣32 , −12
〉)]
|GS2〉 = 1√
3
[
|↑〉f
(∣∣∣∣32 , 32
〉
− i
∣∣∣∣32 , −12
〉)
+ |↓〉f
∣∣∣∣12 , −12
〉]
|GS3〉 = 1√
3
[
|↑〉f
(∣∣∣∣32 , −32
〉
− i
∣∣∣∣32 , 12
〉)
− |↓〉f
∣∣∣∣12 , 12
〉]
|GS4〉 = 1√
3
[
|↑〉f
∣∣∣∣12 , 12
〉
− |↓〉f
(∣∣∣∣32 , −32
〉
+ i
∣∣∣∣32 , 12
〉)]
(C1)
where |GS1,2〉 and |GS3,4〉 respectively belong to the (i)
and (ii) decoupled SU(3) sectors defined in Sec. III B.
|GS1〉 (|GS2〉) is related to |GS3〉 (|GS4〉) by time-reversal
symmetry. The instability of the strongly-coupled fixed
10
point can be further highlighted by placing the impurity
on a one-dimensional line (parallel to the xˆ direction) and
allowing tunnelling of conduction electrons to the near-
est neighbouring sites on either side of the impurity. The
tunnelling acts a perturbation to the strongly-coupled
Kondo Hamiltonian. We find that a two-fold degener-
ate ground state remains at the impurity site (with up
to second nearest neighbour hopping), where one of the
ground states is an equal superposition of |GS1,2〉, while
the other is an equal superposition of |GS3,4〉.
Appendix D: Operator product expansions of
non-abelian currents
The operator product expansions (OPEs) of the non-
abelian currents is crucial in determining the KM algebra
as well as for rewriting the free-fermion Hamiltonian in
terms of non-abelian bosonic currents (Sugawara form)
[63]. The OPE for the U(1) charge, SU(3) current, and
SU(2) currents are,
J(z1)J(z2) =
6
z212
+ : ψ†L,α,pψL,α,pψ
†
L,β,qψL,β,q : (z2) +
[
: (∂zψ
†
L,α,p)ψL,α,p : − : ψ†L,α,p(∂zψL,α,p) :
]
(z2) (D1)
Ja(z1)J
b(z2) =
2
2z212
δab +
ifabc
z12
Jc(z2) +
1
4
fabc : ∂z
(
ψ†L,α,pλ
c
αβψL,β,p
)
: (z2) +
1
4
: ψ†L,α,pψL,β,pψ
†
L,γ,qψL,δ,q : (z2)λ
a
αβλ
b
γδ
+
1
4
(
2
3
δabαβ + d
abcλcαβ
)[
: (∂zψ
†
L,α,p)ψL,β,p : − : ψ†L,α,p(∂zψL,β,p) :
]
(z2) (D2)
JA(z1)J
B(z2) =
3
2z212
δab +
iABC
z12
JC(z2) +
1
4
ABC : ∂z
(
ψ†L,α,pσ
C
pqψL,α,q
)
: (z2) +
1
4
: ψ†L,α,pψL,α,qψ
†
L,β,sψL,β,t : (z2)σ
A
pqσ
B
st
+
1
4
(
δabpq
) [
: (∂zψ
†
L,α,p)ψL,α,q : − : ψ†L,α,p(∂zψL,α,q) :
]
(z2) (D3)
where repeated indices {α, β, γ, δ} = {1, 2, 3}, c =
{1, 2, 3}, C = {x, y, z}, {p, q, s, t} = {1, 2} are summed
over. The level of each KM algebra can thus be read
off directly from the numerator of the first term in each
OPE. We note that we use the canonical normalization
of the structure constants to compute the OPEs.
Appendix E: 1/4-quantized su(2) Lie algebra:
Dynkin labels and “physical-spin” weight
The 1/4-quantized su(2) Lie algebra is analogous to
su(2), and as such we focus on some of the key differences
(and draw analogies, when applicable) with su(2). As
described in the main text, we define raising/lowering
operators T± ≡ (T2 ± iT4)/
√
2, which satisfy
[T6, T
±] = ±1
2
T±, [T+, T−] =
1
2
T6. (E1)
The action of the these operators on the eigenstates of
T6 are,
T6|j˜,m〉 = m|j˜,m〉 (E2)
T−|j˜,m〉 = Nm|j˜,m− 1/2〉 (E3)
T+|j˜,m− 1/2〉 = Nm|j˜,m〉 (E4)
where Nm =
1
2
√
2
√
(2j˜ + 2m)(2j˜ − 2m+ 1). We can
thus notice that similar to su(2), there is one label for
the highest-state (j˜), and one ‘ladder’ to ascend and de-
scend with T±.
To apply the machinery of (affine) Lie algebra, it is
helpful to recapture the above notation in a more formal
setting. In particular, a given representation is denoted
by the highest weight/state, λ˜, which can written in the
basis of fundamental weights, ω1 = α1/2, with integer
coefficients (λ˜1) known as Dynkin labels, λ˜ = λ˜1ω1. The
Dynkin labels are the eigenvalues of the Chevalley ba-
sis, and the relation between the Dynkin labels to the
“physical-spin” weight is given by j˜ = λ˜1/4. This can be
seen by considering the typical Lie algebra bases. In the
Chevalley basis, the commutation relation is given by
[e, f ] = h, [h, e] = 2e, [h, f ] = −2f (E5)
where the Cartan Matrix is the same as that of the canon-
ical su(2), A = (2). The eigenvalues of the Chevalley
generator, h, are the Dynkin labels,
h|λ˜〉 = λ˜1|λ˜〉. (E6)
Taking a generic normalization factor (η just as in the
main text) for the highest root, we have the correspond-
ing generators in the Cartan-Weyl basis,
H =
h
4
√
η, E+ = e E− = f, (E7)
which satisfy the commutation relations [E+, E−] =
4√
ηH and [H,E
±] = ±
√
η
2 E
±. Finally, we have the ‘phys-
ical’ normalization-dependent generators, T
±
=
√
η
8E
±
and T 6 = H, which satisfy the commutation relations
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in Eq. E1 with normalization dependency
√
η on the
right-hand-side. Thus, the eigenvalue of T 6 is given by,
T 6|λ˜〉 = H|λ˜〉 =
√
nh
4
|λ˜〉 =
√
nλ˜1
4
|λ˜〉. (E8)
For η = 1, we can notice that j˜ = λ˜1/4, which gives
us the interpretation of the {2-4-6} subalgebra as ‘1/4-
quantized’. Similarly, for η = 4, the algebra satisfies
the ‘canonically normalized’ su(2) Lie algebra, with the
physical weight/label λ˜1/2.
Appendix F: Conformal embedding:
su(3)2⊕ su(2)3 ⊂ su(6)1
Branching rules provide the decomposition coefficients
of an irrep of a (affine) Lie algebra g (gˆk) into the ir-
reps of a smaller (affine) Lie algebra p ⊂ g (pˆk′ ⊂ gˆk).
In our context, we are interested in the decomposition
of the irreps of su(6)1 into su(2)3⊕ su(3)2. Since the
level of su(6) is 1, the only dominant highest-weight rep-
resentations are the fundamental representations ωˆ0,1,...5.
Following the procedure detailed in Chp. 17.A of Ref. 36
of employing Young tableaux and outer automorphisms,
we obtain the following decomposition in Eq. F1,
• 7→
(
• ⊗ •
)
⊕
(
⊗
)
7→
(
⊗
)
⊕
(
⊗
)
7→
(
• ⊗
)
⊕
(
⊗
)
7→
(
⊗ •
)
⊕
(
⊗
)
7→
(
• ⊗
)
⊕
(
⊗
)
7→
(
⊗
)
⊕
(
⊗
)
(F1)
where on the right-hand-side, the first (second) Young
tableaux labels irreps of su(2)3 (su(3)2). We can rewrite
the above branching rules in terms of the Dynkin labels
of the corresponding irreps, namely,
ωˆ0 7→
(
[3, 0]⊗ [2, 0, 0]
)
⊕
(
[1, 2]⊗ [0, 1, 1]
)
ωˆ1 7→
(
[2, 1]⊗ [1, 1, 0]
)
⊕
(
[0, 3]⊗ [0, 0, 2]
)
ωˆ2 7→
(
[3, 0]⊗ [0, 2, 0]
)
⊕
(
[1, 2]⊗ [1, 0, 1]
)
ωˆ3 7→
(
[0, 3]⊗ [2, 0, 0]
)
⊕
(
[2, 1]⊗ [0, 1, 1]
)
ωˆ4 7→
(
[3, 0]⊗ [0, 0, 2]
)
⊕
(
[1, 2]⊗ [1, 1, 0]
)
ωˆ5 7→
(
[2, 1]⊗ [1, 0, 1]
)
⊕
(
[0, 3]⊗ [0, 2, 0]
)
(F2)
where we use the standard definition of the irreps of
su(N) in terms of Dynkin labels: λˆ = [λ0, λ1, . . . ] =
[k−∑ri λi, λ1, . . . ], where r is the rank of the Lie algebra.
Appendix G: Maverick coset branching rules
The spirit of the coset branching rules is analogous to
that of Appendix F in that we once again are considering
decompositions of the various representations, λˆ, of the
affine Lie algebra gˆ into the representations, µˆ, of the
affine Lie algebra pˆ, which is given by
λˆ 7→
⊕
µˆ
bλˆµˆµˆ (G1)
where bλˆµˆ are the branching coefficients. This decompo-
sition can be rewritten in terms of characters,
χλˆ =
∑
µˆ
χ{λˆ;µˆ}χµˆ (G2)
where χλˆ ≡ qhλˆ−c/24trλˆ(qL0). The term in the trace ac-
counts for the ‘grade’ or descendent level, n, of a state
belonging to the λˆ irrep (i.e. already extracted out the
conformal weight of the primary state, hλˆ). For the mav-
erick coset, the restricted character decompositions have
been carefully computed in Refs. 49 and 50 , which we
reproduce in Table G with our notations. Below each of
the restricted characters in Table G, we write down the
combination of the 3-state Potts model characters (de-
scribed below) that gives these restricted characters of
the coset field. This allows the the conformal dimension
of the coset model to be obtained. We note that the
conformal dimension of the coset model is related to the
conformal dimensions of the parent algebra (gˆ) and the
subalgebra (pˆ): hχ{λˆ;µˆ} = hλˆ + n − hµˆ; as such n can
be extracted. For reference, the characters of the 3-state
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λˆ, su(3)2 µˆ, su(2)8 q
−h
λˆ;µˆ
+c/24
χ{λˆ;µˆ} Grade of λˆ representation, n Conformal dimension, hλˆ;µˆ Field label
[2, 0, 0] [8, 0]
1 + q2 + 2q3 + 3q4 + 4q5 + . . .
0
0 I[2, 0, 0] [0, 8] 2
[0, 1, 1] [4, 4] (= χvir1,1 + χ
vir
4,1) 0
[0, 1, 1] [6, 2]
1 + 2q + 2q2 + 4q3 + 5q4 + 8q5 + . . .
0
2
5
[0, 1, 1] [2, 6] 1
[2, 0, 0] [4, 4] (= χvir2,1 + χ
vir
3,1) 1
[1, 1, 0] [6, 2]
1 + q + 2q2 + 3q3 + 5q4 + 7q5 + . . .
0
1
15
σ
[1, 1, 0] [2, 6] 1
[0, 0, 2] [4, 4] 0
[1, 0, 1] [6, 2] (= χvir2,3) 0
[1, 0, 1] [2, 6] 1
[0, 2, 0] [4, 4] 0
[0, 2, 0] [8, 0]
1 + q + 2q2 + 2q3 + 4q4 + 5q5 + . . .
0
2
3
Z
[0, 2, 0] [0, 8] 2
[1, 0, 1] [4, 4] 1
[0, 0, 2] [8, 0] (= χvir1,3) 0
[0, 0, 2] [0, 8] 2
[1, 1, 0] [4, 4] 1
TABLE III. Maverick coset su(3)2/su(2)8 branching functions as computed in Refs. 49 and 50. The grade denotes the descendent
level of the irreps of su(3)2. The minimal model field labelling is the same as that in Ref. 36.
Potts models [36] employed in Table G are,
χvir1,1 = q
−1
30
(
1 + q2 + q3 + 2q4 + 2q5 + 4q6 + . . .
)
χvir2,1 = q
2
5− 130
(
1 + q + q2 + 2q3 + 3q4 + 4q5 + 6q6 + . . .
)
χvir3,1 = q
7
5− 130
(
1 + q + 2q2 + 2q3 + 4q4 + 5q5 + 8q6 + . . .
)
χvir1,3 = q
2
3− 130
(
1 + q + 2q2 + 2q3 + 4q4 + 5q5 + 8q6 + . . .
)
χvir4,1 = q
3− 130
(
1 + q + 2q2 + 3q3 + 4q4 + 5q5 + 8q6 + . . .
)
χvir2,3 = q
1
15− 130
(
1 + q + 2q2 + 3q3 + 5q4 + 7q5 + 10q6 + . . .
)
(G3)
Appendix H: Excited states of conformal towers
In the main text, we presented the conformal towers for
energies Etot ≤
(
pi
l
)
. We present in Table IV and V the
remaining, higher energy, states for the free-fermion and
after the double-fusion with the impurity, respectively.
Q, U(1) jf , SU(2)3 [3-state Potts model] j˜, S˜U(2)8
(
L
pi
)
Etot
...
...
...
...
...
1 3
2
σ 1 3
2
1 3
2
Z 0 3
2
3 3
2
I 0 3
2
3 1
2
I 1 3
2
3 1
2
 1
2
3
2
4 1 σ 1
2
2
4 0 σ 1 2
4 0 Z 0 2
5 1
2
σ 1
2
5
2
5 3
2
σ 1 7
2
5 3
2
Z 0 7
2
TABLE IV. Free-fermion tower with anti-periodic boundary
conditions at x = l. The primary states for Etot > pi/l are
presented here; primary states with Etot ≤ pi/l are given in
Table I.
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Q, U(1) jf , SU(2)3 [3-state Potts model] j˜, S˜U(2)8
(
L
pi
)
Etot
...
...
...
...
...
1 3
2
σ 1
2
11
10
3 1
2
I 1
2
11
10
2 0 Z 1
2
6
5
3 1
2
 0 13
10
2 1 σ 1 7
5
0 1  1 7
5
1 3
2
σ 1 3
2
1 3
2
Z 0 3
2
3 3
2
I 0 3
2
3 1
2
I 1 3
2
3 1
2
 1
2
3
2
0 1 I 3
2
8
5
2 0 σ 3
2
8
5
4 0 σ 1
2
8
5
1 3
2
Z 1
2
17
10
3 3
2
I 1
2
17
10
4 1 σ 0 9
5
3 1
2
 1 19
10
4 0 σ 1 2
4 1 σ 1
2
2
4 0 Z 0 2
1 3
2
σ 3
2
21
10
3 1
2
I 3
2
21
10
4 0 Z 1
2
11
5
5 1
2
σ 0 23
10
4 1 σ 1 12
5
5 1
2
σ 1
2
5
2
4 0 σ 3
2
13
5
5 1
2
σ 1 29
10
5 3
2
σ 1
2
31
10
5 3
2
σ 1 7
2
5 3
2
Z 0 7
2
5 3
2
Z 1
2
37
10
5 3
2
σ 3
2
41
10
TABLE V. Primary operator content after double fusion of
primary states of energies Etot > pi/l; the primary states with
Etot ≤ pi/l are given in Table II.
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